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ABSTRACT
This research takes a holistic view of integrated supply chains from the 
acquisition of raw materials through manufacture and distribution to the working 
phase of a machine in a customer’s premises and the recovery of that machine 
at the end of its useful life. A model is constructed which encompasses all of 
these functions and their sub processes for the supply chain and working life of a 
digital multi-function printer/copier. Environmental data is attached to the model 
by means of aggregation into three environmental indicators -  energy 
consumption, atmospheric pollution and materials intensity.
By developing this model it is possible to prioritise management action to 
address the environmental effects of supply chain processes. In the supply 
chain scenario used in this research project, it is found that the working life of the 
machine at the customer’s premises causes the most environmental impact. In 
particular, it is the effects caused by the transport used by the service engineer to 
visit the machine and the paper used which are most significant.
The environmental performance model is then incorporated into business 
planning by establishing a link to an existing business measurement -  customer 
satisfaction. In this way it is possible to integrate the environment into strategic 
decision-making. Through the application of the model to strategic business 
planning corporate management teams are now able to consider the environment 
when they are making decisions about the future of integrated supply chains.
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EXECUTIVE SUMMARY
‘Integrated supply chains and the environment: Establishing performance 
measurement for strategic decision making application’.
Project objectives
The objectives of this research project are as follows:
♦ To develop modelling capability of environmental impacts in a supply chain 
organisation.
♦ To enable the environment to be considered in the strategic planning process 
of the supply chain organisation.
These objectives arose from a study of Xerox Ltd which indicated that the 
integrated supply chain had not yet been targeted for comprehensive 
environmental action. Supply chains are complex, multi-function, multi-site 
organisations which have the potential to cause a large range of environmental 
impacts. A review of existing methodologies showed that it is not easy to 
measure a company’s environmental performance, particularly the performance 
of a supply chain operation. The environmental management standards that 
have increasingly been taken up by industry do not suit the multi-site nature of 
supply chain operations. Xerox has demonstrated its commitment to the 
environment and to measuring its environmental performance, however it had no 
means of thoroughly measuring the environmental performance of its supply 
chain and consequently no means of planning for the environment in its strategic 
decision making process.
Project background
There is no easy solution to evaluating environmental performance. Current 
measurement systems tend to concentrate on one aspect of environmental 
performance, few of them are able to incorporate ‘softer’ indicators such as social
costs and even less the strategic implications of environmental performance. 
Performance measures need to be easily understood and readily applicable. 
Many closely focus in upon transport, but this is not the only supply chain 
function; warehousing and inventory levels can also have far reaching impacts 
upon the environment (see McIntyre et al, 1998a & b; McIntyre, 1998). The 
measures reviewed are often operational in focus. Environmental performance 
metrics also need to be strategic in orientation, able to adapt to changing 
commercial and cultural situations. There are no readily transplantable 
methodologies for measuring the environmental performance of the Xerox supply 
chain. What is required is a model able to measure and provide a benchmark; 
that is useful to the business; that is simple, familiar and relates to finance and to 
other metrics; that has modelling capabilities so that planning alternatives can be 
explored and has future applications, and can be readily communicated to 
management.
Meeting the objectives
This research project has constructed an environmental performance 
methodology for the supply chain that complements existing supply chain metrics 
to provide a comprehensive suite of logistics performance measurements. The 
model was then applied to business planning processes at Xerox to provide a 
strategic focus for the environment. In this way Xerox can make decisions 
regarding logistics strategy that reflect stakeholder concerns, not just customer 
requirements related to delivery and quality. The environmental performance 
model has been developed which takes a life cycle perspective through the whole 
supply chain and allocates environmental impact data at each stage in the life of 
a product. This means that the company is able to run different logistic scenarios 
through the model and make environmentally informed planning decisions.
Constructing the environmental performance model
The first objective of the project was met by constructing a model of the supply 
chain around a particular supply chain scenario and collecting the environmental 
data associated with that scenario. The scenario chosen concentrates on one 
Xerox product -  a multi-function, digital copier, manufactured and sold in the UK.
The integrated supply chain at Xerox includes all functions from the acquisition of 
raw materials, assembly of the product, distribution and installation, the working 
life of the machine including servicing requirements, paper and toner usage, 
through to the recovery and recycling of the machine at the end of its life. This 
supply chain is represented by the model shown in figure 1.
Figure 1: The Xerox integrated supply chain
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The development and population stage of the environmental performance model 
resulted in a number of key findings and discussion points. These are pertinent 
for any future construction of further supply chain scenarios using the model.
a) System boundaries: Decide where the system boundaries lie and remain 
within them for data collection and analysis. This is important for comparison 
purposes. If the boundaries do not remain the same for all environmental 
indicators then each indicator will describe a different supply chain scenario.
b) Data collection: Discretion is necessary when collecting data as the supply 
chain is a large, complex organisation even when it has been pared down to 
one product. This issue was addressed by the use of indicators. Three 
environmental indicators were chosen -  energy consumption, pollution 
emitted and materials intensity (a measure of resource usage). The indicators 
enabled impacts to be aggregated to some level without losing the integrity of 
the data. Even so, the data collection phase of the model construction was a 
lengthy and involved process.
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c) Converting data: Care must be taken when converting energy consumption 
figures into one format for aggregation. Energy data arises in many different 
formats from electricity bills to litres of diesel fuel. Some conversion factors 
include process energy as well as extracted energy, this means that the 
energy used to produce the form of energy that is being used is included too. 
The analysis does not include the efficiency with which that energy is used, 
there is no measure of the actual energy used and that wasted.
d) Reduction of complexity: There is an extremely wide range of pollutants 
emitted from industrial processes which would require specialist knowledge to 
interpret and analyse the information. As the intended ‘audience’ of this 
model was the managers who plan the supply chain, it was necessary to 
reduce the range to a manageable level. ICI pic developed its Environmental 
Burden Approach for exactly this purpose (ICI, 1997). It assesses the 
potential harm to people and the environment from chemical emissions and 
provides a way of ranking the potential environmental impact of chemical 
emissions through aggregation. It provides a more meaningful picture of 
environmental impact rather than merely reporting the masses of any 
substances discharged.
e) Volume of information: Indicators only reduce the amount of information to 
be analysed, they do not alter the amount of information that requires 
collection. The data collection stage of this research project took 
approximately 12 months which, in industry terms, is a long time and is a 
discouraging factor when considering this type of information-intensive model. 
This project has established a base-line level of data and also recorded where 
such information is available both internally and externally. This should mean 
that it will be a quicker and simpler process to expand the model to other 
products and different supply chain scenarios.
Populating the model with data
Once the model had been designed and constructed, it was populated with data 
to validate its construction. Data was collected for each indicator set using the 
chosen supply chain scenario. The results of that collection are presented here 
by each indicator. It was also found that there are a number of themes that run 
through the data and are common to all three indicators.
Energy consumption
Figure 2 -  Chart showing percentage split between the functional elements of 
the supply chain in terms of energy consumption
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-  The manufacture of paper uses by far the most energy, not the delivery of 
paper and toner cartridges nor the manufacture of toner cartridges.
-  The next largest use of energy is the consumption of electricity by the 
machine itself.
-  Central commodity supply within the acquire element of the supply chain is 
the third highest user of energy in the supply chain.
-  Although working life consumes the largest amount of energy, it is 
important to consider all the indicator results when making decisions about
environmental action or inward investment to reduce environmental 
impact.
♦ Pollution
Figure 3 -  Graph showing the global warming potential from one year’s 
copy/print from one machine with electricity consumption by the machine 
removed from working life:
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-  Working life is the top producer of atmospheric pollutants. Within the 
working life of the machine, the transport element of the servicing results in 
the most kilogrammes of C 02 equivalent each year.
-  The main assembly and asset recovery operations are next in the 
production of air emissions and this is due to the electricity consumption of 
the plant.
-  The acquisition of raw materials contributes 40% more C 0 2 in the 
transportation used to deliver the components and raw materials to the 
manufacturing site, than the actual production of the materials.
-  It is the production of the main components which contributes more to 
atmospheric acidification due to the emissions from the manufacturing 
processes (to produce plastic in particular) than the transportation used.
-  In distribution, it is the packaging element which contributes the majority of 
the air pollution.
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♦ Materials Intensity
Figure 4 -  Chart showing the percentage split between supply chain functional 
elements in terms of absolute materials used (kg).
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-  The working life of the machine consumes the most resources and 
therefore causes the most environmental impact.
-  The second largest resource consuming element within the Hodaka supply 
chain is acquire.
-  It is found that for every copy made there is an associated resource use of 
20 grammes.
-  Packaging has a large impact on the distribution element (by a factor of 5). 
Common data themes
From these findings some common data themes can be deduced, these are as 
follows:
1. Working life causes the most environmental impact across all three indicators
2. Remove/return and asset recovery operations have the least environmental 
impact in any of the three indicators.
3. Environmental impact decreases over the life cycle once working life is 
excluded from the life cycle (acquire through to asset recovery).
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4. Packaging causes the largest environmental impact within the distribute 
phase.
Implications and recommendations from developing and populating the 
environmental performance model.
This first phase of the research project -  to measure the environmental 
performance of the supply chain has resulted in a number of implications and 
recommendations, both for Xerox Ltd and for the wider field of environmental and 
supply chain management. In particular:
-  The company now has the ability to prioritise environmental action through the
model (working life is a clear priority in this supply chain scenario).
-  The model is easy to use.
-  Suppliers are important in improving environmental performance in supply 
chains, particularly in terms of location and processes.
-  Energy consumption is shown to be a significant factor.
-  The environmental base case is established and can be maintained for future
use.
For the wider field of expertise in the area, the following is confirmed;
-  The upstream supply chain has a large effect on the environmental impact of 
the whole supply chain.
-  A holistic view is the most accurate one.
-  Indicators do provide a sufficient level of detail whilst reducing complexity.
-  Transport is not the only environmental consideration in supply chains.
-  Planning capability is provided by the model.
Applying the environmental performance model to business planning
The second objective of this research project was to enable the environment to 
be considered in the strategic planning process of the supply chain organisation. 
This was done by relating the environmental performance model to a standard 
business metric. The process for achieving this was to look at the way in which 
decisions are made at Xerox, the standard business metrics which are used to
indicate performance of the supply chain and how the model fitted in with these 
formal processes. The application of the environmental performance model 
raised a number of considerations for Xerox Ltd and for the field of environmental 
management in general.
It was found that, within the decision support systems at Xerox, there were many 
measurements which could have been chosen. A review of these showed that, 
apart from financial metrics, customer satisfaction was the most effectively 
applied metric across Xerox due to the company’s focus on customer loyalty. 
Through survey results and statistical analysis it was possible to find a correlation 
between two data sets - overall satisfaction with Xerox as a supplier and the 
environmental performance of Xerox. Correlation provided a measurement of the 
closeness of the relationship between these two variables.
For the two thousand customers surveyed in the UK in 1997, a correlation 
coefficient (r) of 0.44 was found. It is possible to say that there is a weak 
correlation between customer’s overall satisfaction with Xerox and with its 
environmental performance. It was decided to test the understanding of this 
methodology by using another set of satisfaction scores from the customer 
benchmark survey in 1997. The same two question responses were taken, but 
this time, from Xerox customers in Sweden. Scandinavian customers are 
generally recognised as being much more environmentally aware than their UK 
counterparts. As can be seen from the graphs below (Figures 5 and 6), there is 
very little difference in the correlation between the datasets for the UK and 
Sweden. The two graphs show that the environmental performance of the supply 
chain does have an impact on overall customer satisfaction and that it would 
diminish if Xerox stopped improving and publicising its environmental 
performance. This is a positive message to take to senior management who look 
very carefully at customer satisfaction as an indication of Xerox’ success in the 
market place. In a highly competitive market it is important that a company’s 
customers remain satisfied with their supplier.
Figure 5 - Graph showing the correlation between overall satisfaction and 
environmental satisfaction with Xerox as a supplier in the UK
r = 0.44
Overall satisfaction
Figure 6 - Graph showing the correlation between overall satisfaction and 
environmental satisfaction with Xerox as a supplier in Sweden
r = 0.47
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This is a useful indication that the environmental performance of the supply chain 
does contribute to the overall satisfaction of customers - something which Xerox
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is continually striving towards. As a result, it is now possible to incorporate the 
environment, at a meaningful level, into corporate strategic planning. This 
reduces the distinction between traditional environmental management and 
strategic business management.
Implications for Xerox and for the field of environmental management
The process of relating the environmental performance model to strategic 
business planning metrics resulted in a number of lessons and recommendations 
for Xerox and for the wider field of generic environmental management.
The implications for Xerox are as follows:
1. The process of establishing the environment in strategic planning is not made 
simple due to very detailed measurements within the company
2. Management systems are elaborate making it difficult to place the 
environment at the most effective level in the organisation. It is important that 
the environment be placed at the most strategic level of debate within the 
company, otherwise, in the long term, environmental action (e.g. investment) 
will not be given the priority it requires.
3. The choice of metric with which to align the environmental performance 
metrics is very important. This relates to the strategic nature of some 
measurements and operational nature of others.
4. The relationship between environmental satisfaction and overall customer 
satisfaction requires strengthening. In order for the environment to become a 
key performance metric, this relationship would need to be consolidated in the 
company’s analysis of customer satisfaction.
5. With the environmental performance model, Xerox now has strategic planning 
capability for the environment in the supply chain
There are also implications for the field of environmental management:
1. The distinction between environmental management and general 
management can be removed -  a correlation has been established between 
the general business measurement of customer satisfaction and the 
environmental measurement of environmental satisfaction. The model relates
xiii
to this by providing a measure of how the supply chain is performing. There is 
a relationship between how the supply chain is performing environmentally 
and the score of customer satisfaction with environmental attributes of the 
supply chain.
2. The environmental performance model and its application do not provide a 
means of comparison with other companies. The model and in particular the 
way it has been applied to the business are very specific to Xerox. As yet this 
will not provide a comparative index against other companies. Xerox could 
encourage other companies to take up this method of environmental 
measurement and so create league tables of companies’ environmental 
performance.
The future of this research
The future of this research centres around barriers to change and extending the 
environmental scope. There are certain barriers to change which are by no 
means specific to Xerox, but do exist and may obstruct the absorption of the 
environment as a key business metric. These include:
♦ Financial valuation -  the reduction of all attributes of a company to financial 
terms creates difficulties for a ‘softer’ issue such as the environment. 
However, Xerox does rate customer satisfaction as a key business metric and 
this is a ‘softer’ measurement which is understood to have financial 
implications.
♦ Focus on shareholder value -  shareholders demand annual dividends from 
their investment and this tends to be in terms of money. It is difficult for a 
company to justify large amounts of investment on environmental projects 
which may not have ‘good’ return on investment.
♦ The short term perspective -  this reiterates the point above regarding 
quarterly results. Some environmental projects will take much longer than 
three months to mature and show a return. Shareholders may not tolerate 
such long term investments.
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♦ Environmental pervasiveness -  the environment has yet to be fully integrated 
into all business processes. All parts of a company need to have the same 
focus if true progress is to be made in environmental terms.
♦ The pace of technological development -  the digital age is upon us. The rapid 
pace of technological change does, not encourage the reuse and 
remanufacturing of high-tech products as they are quickly outmoded by the 
pace of development.
Future research issues which arise from this research project mainly concern the 
further expansion of the sustainable development debate from a corporate 
perspective. For a company to truly embrace sustainability, a long term view is 
required, something which modern Western world cultures, and especially 
corporate culture, does not allow for. Companies can be more effective if they 
act as a group. A supply chain group which includes all raw material providers, 
converters, manufacturers, retailers and customers can be much more effective 
at reducing the overall environmental impact. A company in the middle of the 
chain, such as Xerox, can only improve its own environmental impact if it is able 
to influence its suppliers (and customers) to improve their environmental impact 
too. This may be important as this research project has shown, but this will only 
contribute a small amount to the overall reduction of the environmental impacts of 
a supply chain.
Currently Xerox has concentrated on what it can achieve, looking at products and 
with this research project, looking at its own supply chain. Sustainable 
development is not only concerned with the environment and economics, it also 
looks at issues of social equity. Sustainability recognises that there is an 
imbalance in the use of resources, wealth and causes of pollution in the world. 
Western cultures use many more resources, consume much more and cause 
more pollution than Eastern and Southern cultures. Social considerations within 
sustainable development include the distribution of the costs and benefits of 
resource consumption, the ethics of population and consumption policies, the 
social contract between business and society. These are emerging concepts and 
have yet to be sufficiently defined and decoded for a company to know where its
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contributions lie in the debate. This implies that it is only society, in conjunction 
with industry, that can determine what state the environment should be in and 
how it should be left for future generations. Companies and society need to reach 
a consensus if these issues are to be resolved. It will only be reached through a 
comprehensive consultation process with stakeholders and some far-sighted 
business leadership. This is where companies such as Xerox need to be 
researching in the near future if they are to continue developing their business 
into the next century.
Conclusions
The objectives of this research project are as follows:
♦ To develop modelling capability of environmental impacts in a supply chain 
organisation.
♦ To enable the environment to be considered in the strategic planning process 
of the supply chain organisation.
This portfolio shows that, through the development and construction of an 
environmental performance model for a supply chain scenario, it is possible to 
establish modelling capability for the environment in an integrated supply chain. 
The environmental performance model has quantified and examined the 
environmental impacts arising from the supply chain as it acquires raw materials, 
manufactures, delivers and supports a product. It has been able to show where 
Xerox should concentrate its efforts should it wish to improve its environmental 
performance. It has provided a means of tracking that performance over time 
and for comparing different supply chain scenarios to choose the best 
environmental/economic fit. It has shown where more information is needed to 
make the model more complete, but has placed a ‘stake in the ground’ in 
measuring environmental impacts from supply chains. It has reviewed the work 
that is being carried out by other companies and practitioners and has built on 
those foundations to create a solution for Xerox’ requirements.
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The second objective of this research project is to enable the environment to be 
considered at a strategic planning level. Through the application of the model to 
strategic business planning by establishing the relationship between the 
environment and a core business metric, it has enabled senior management at 
Xerox to consider the environment when they are making decisions about the 
future of the supply chain at Xerox.
Guide to the portfolio
This portfolio is submitted in accordance with the requirements of the Brunei 
University /  University of Surrey Engineering Doctorate (EngD) Programme in 
Environmental Technology. It is constructed using a number of segments. This 
executive summary describes the objectives, key findings and conclusions in this 
four year research project. The portfolio is divided into 2 volumes. Volume 1 
includes the main thesis of this research project where the ideas, objectives, 
contexts, development, results and conclusions are discussed. The introductory 
chapter explains more about the background to the project and where to find the 
different sections. Volume 1 also includes the raw data sets generated to provide 
results and conclusions (interpretation notes are provided to guide the reader 
through the spreadsheets), references and bibliography used in the project.
Volume 2 contains the published papers by McIntyre et al (1998 a & b) and 
McIntyre (1998). The papers summarise the literature review detailed in Chapter 
2 of the thesis in Volume 1 and some of the results presented in Chapter 3. Also 
included are two papers written with other researchers in related areas of 
environmental management which are currently under review with Long Range 
Planning and Administrative Science Quarterly in the USA. Volume 2 continues 
with eight reports which were submitted at six month intervals throughout the four 
year project. These reports show that this research has developed over time to 
find the conclusions summarised in the executive summary and in Chapter 5. 
The work and research process contained in the reports are described in detail in 
Volume 1. The results of the modular taught courses are listed as is a work 
‘diary’ which summarises projects undertaken at Xerox and within the research
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programme in the four years. It is suggested that the reader begins with Volume 
1 and the main thesis and uses Volume 2 as supporting evidence of the iterative 
research process.
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1.0 - Introduction
This research project is set in the context of the integrated supply chain of Xerox 
Ltd. Using this case study, the environmental performance of that supply chain 
organisation is established by developing a model which enables environmental 
impacts to be accounted for. That model is then applied to business process 
planning, enabling the environment to be considered at a strategic management 
level. This section introduces each of these elements before the main body of 
the thesis describes them in detail.
1 .1 - Integrated supply chains
There were two main reasons for the selection of the supply chain on which to 
base this research project. The first was that within the Environmental 
Leadership Programme at Xerox Ltd it was clear that the environmental impacts 
of the supply chain as an organisation had not yet been addressed. There was a 
clear company requirement for understanding and acting upon the environmental 
impacts of the supply chain. The second reason was that the literature reviewed 
in Chapter 2 indicated a certain requirement for the study of the environmental 
impacts of supply chain operations.
The phrase, ‘supply chain’, refers to a part of an organisation or a group of 
organisations. It involves the movement of goods (and services) from one value - 
adding operation to the next, or from one location to the next. It can be part of 
one organisation, as in the case of this research project, involving the movement 
of raw materials into manufacturing facilities, the assembly of products, the 
movement of those products to warehouses and distribution facilities and from 
there to the customer. This is a generic single organisation supply chain. The 
term supply chain can also be used to refer to groups of companies that are 
linked sequentially to provide goods or services. This could be the movement of 
grain from the farmer to the mill, from the mill to the bakery, from the bakery to 
the retailer and from there to the customer. This too is commonly understood to 
be a supply chain. The supply chain at Xerox Ltd which is discussed in this
1
research is the former type. It is integrated which means that the assembly 
processes of manufacturing are included as is the servicing which happens at the 
customer’s premises when the product is installed. This supply chain is 
discussed in greater detail in Chapter 3.
Supply chains have recently come to the forefront of business attention. 
Manufacturing operations have, for years, been the focus of management 
attention for cost saving initiatives, quality issues and outsourcing. It is now clear 
that it is supply chains where much value is added to goods and services. 
Increasingly, this is where companies are focusing their efforts. Supply chains 
are important and expensive parts of a business. There are many opportunities 
for reducing costs and improving performance in terms of profitability and 
productivity within supply chain organisations. This is due to the complex 
interactions that exist within supply chains and the many functions which form 
those interactions. Supply chains are involved in both the inward movement of 
raw materials to a manufacturing plant and the outward movement of finished 
goods to customers, sometimes via many intermediary parties. It is the 
management of this physical movement and the management of the relationship 
between the parties involved in the movement of goods which encompasses 
supply chain management. The modern supply chain is a delicate balance of 
customer responsiveness and cost to the company in terms of inventory and 
transportation.
1.2 - Environment in a business context
The environment has been shown to be an important issue for companies 
whether from a public relations or a directly competitive perspective. Azzone & 
Manzini (1993) discuss the fact that environmental issues can act on both 
company costs and revenues and are therefore important to companies. Chapter 
2 discusses the rise of environmental issues on the corporate agenda at greater 
length. The environment is viewed in several ways by corporate management. 
Companies can choose to comply with the large amount of legislation that is 
appearing from international and national sources, and they can treat the
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environment as a another marketing tool and use it to sell to environmentally 
aware customers. The environment can also be used as a driver for cost savings 
and waste reduction. Many comparisons have been drawn between 
environmental management and quality management - one of the main aims of 
quality assurance of products and services is to maximise profits, but there can 
also be a hidden benefit, which is to minimise the loss to society (Welford, 1992).
The way that companies deal with environmental issues can also be categorised 
into certain types. Formal environmental management systems are available to 
those companies who require an externally verified management system which 
summarises their environmental impacts and the improvement plans they have in 
place. Environmental management systems are rigorous, predictable and have 
publicly available results in some cases. Companies can also enter into a wider 
ranging discussion on the environment and include other parties such as 
pressure groups, governments, industry bodies in that discussion. Generally 
companies who consider the environment to be of importance to their business 
have elected for a form of environmental management whether that be formalised 
in a systematic way or not.
Environmental management is a young discipline - there is no clear definition as 
yet. It began with cost saving initiatives and has grown into a social issue of 
corporate citizenship and responsibility (Cramer, 1998). Most large organisations 
now feel that they are required to comment to some extent on their environmental 
credentials. As mentioned above there are increasing amounts of environmental 
legislation and this is forcing companies to become more open about their 
environmental impacts from more of their operations. In the past, public attention 
has been directed at the ‘dirty’ industries such as petro-chemicals, automotive 
manufacturing and raw materials extraction and refining. There is growing public 
pressure on the government and on business to address issues as diverse as 
traffic congestion, waste disposal, neighbourhood pollution and global warming. 
The public feel that they have a right to know about the effects that industry has 
on their environment. There are increasing signs that the public have a certain 
sense of ownership of the environment and that industry is answerable to them
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on questions of environmental damage and reduction and correction of that 
damage. With increasing physical and public exposure to the damaging effects 
which business practices can have on the environment, consumers are looking 
for good, comprehensive, environmentally sound business practice (McCloskey & 
Maddock, 1994). Companies in the public eye must be prepared to answer 
questions from many parties on environmental issues, to show an understanding 
of their environmental impacts and demonstrate that improvement plans and 
activities for impact mitigation are in place. ‘A measure of the environmental 
performance of a firm is in fact compulsory to assure the effectiveness of both 
strategies aimed at improving the image of the firm towards green consumers 
and of programmes focused on the improvement of corporate efficiency through 
a reduction of environmentally related costs’ (Azzone & Manzini, 1993).
1.3 - Performance measurement
What isn’t measured, isn’t managed. It is common business practice to measure 
all aspects of a company, and not just for financial reporting purposes. 
Performance measurement is used to compare performance against other 
companies to demonstrate gaps and highlight where action needs to be taken to 
become more competitive. Financial reporting within a company will only 
communicate so much. There are many parts of a business which cannot be 
quantified in monetary terms, but which have been shown through the 
development of quality management to be important measures of corporate 
success. Performance measurements related to profits are not reliable indicators 
of the comparative success of large corporations in an international context, 
argues Gray (1995). Employee satisfaction is one such non-profit related 
measurement. Satisfied employees for example are less likely to leave a 
company, will maintain and build upon the customer relationships that they have 
established. In this way, companies do not have to train new staff or forge new 
relationships with customers. These days, companies publicise much more than 
financial data about themselves with reports that cover product launches, 
employee initiatives, the environment and local issues. Such information is vital 
for attracting investment and new employees to the organisation.
4
As mentioned above, measures can also be used for benchmarking purposes 
both internally and externally. In this way it is possible to learn from other 
companies and organisations and share best practices. This enables a company 
to improve its performance still further and continue to compare itself against 
others. Only in this way will an organisation know whether it is leading the field or 
following the leaders. For example, a company may not necessarily want to be 
the leader in a field, but learn from the leaders’ mistakes. Only by measuring 
performance is this possible. An effective performance measurement system 
can help translate corporate strategy into an efficient and innovative (logistics) 
organisation and into business realities (Kelln, 1992). Performance 
measurement also establishes a ‘stake in the ground’ when it comes to 
measuring new issues. A company may not know how well it is actually 
performing until it measures it. This may establish a methodology for measuring 
an aspect of that company’s business which it can encourage other companies to 
take up in order to start comparing performance among a group of companies. 
McCloskey and Maddock (1994) confirm that to date few organisations have 
achieved a truly ‘green’ corporate strategy, in part because many companies lack 
a systematic approach to recording, monitoring and measuring factors which 
could have a deleterious effect on production and resourcing. What is needed is 
a holistic approach which includes indicators concerning relationships with other 
stakeholders such as the public at large e.g. impact on the environment, pollution 
control (Gray, 1995). As the Department of Transport, the Environment and the 
Regions (DETR, 1998) states: ‘companies are expected to set targets to ensure 
improvements in environmental performance and measure achievements and 
trends. Stakeholder expectations are changing and becoming more demanding 
and they expect environmental performance to be an integral part of the 
business, not separate’.
1.4 - Strategic decision making
Strategic decisions are highly complex and involve a host of dynamic variables. 
The pre-eminent characteristic of strategic decisions is their significance for the
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long-term health of the total organisation (Harrison & Pelletier, 1995). In other 
words, strategic decisions are those which are made at a level where they will 
affect a company’s way of working in the future. They are not operational, but 
directional - not day to day decisions, but ones that determine investment 
patterns and define new processes. Strategic decisions tend to be made by 
senior management and are important to the organisation either because they 
have far-reaching impacts across the organisation or because they have long 
term implications. Strategic planning requires an effective analysis, monitoring 
and communications tool and there are challenges in presenting and interpreting 
environmental information in this way (llinitch & Schaltegger, 1995).
From a strategic, environmental perspective, many companies are improving 
their environmental performance, but must also focus on competitiveness. To 
survive - let alone succeed - in an increasingly complex world, companies and 
institutions will need to develop strategies which provide clear, integrated 
frameworks for action, yet which are sufficiently resilient and flexible to cope with 
the unexpected (Elkington & Trisoglio, 1996). Failing to consider the 
environmental impact of strategic decisions may affect the financial stability of 
the firm and the ability of that firm to compete relative to others in the industry 
(llinitch & Schaltegger, 1995). This suggests that environmental commitment can 
no longer be simply a question of investment and technology.
1.5 - Xerox Ltd
This research project uses the company, Xerox Ltd, as a case study on which to 
base its assumptions and develop solutions. Xerox Ltd is the European 
subsidiary of the Xerox Corporation based in Rochester, USA. Xerox is a vendor 
of office document technology which is provided in the form of reprographic 
equipment such as printers, photocopiers and faxes and also through software 
and technology solutions to document processing and management. Throughout 
Europe, the Middle East and Africa, the company employs approximately twenty- 
one thousand people and has four manufacturing sites in the UK, Holland, Egypt 
and India. There are also large sales and service organisations which cover this
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whole geographical area of one hundred and twenty countries. Currently Xerox 
has approximately a twenty-five percent share of the mid range office equipment 
market in Europe and generates revenues of over five billion dollars annually. 
Equipment ranges in size from professional printing presses to small desk top 
printers and copiers aimed at the small office/home office market. The company 
has recently made the transition from analogue into digital technology and is 
launching eighty-four new products this year.
The company has had a history of environmental responsibility and quality 
management. It is a part of the electronics industry which has, so far, been 
overlooked to a certain extent by the environmental lobby. Many electronic 
components are manufactured using complex chemicals, much energy and with 
many bi-products. Attention is growing as the public realise that all businesses 
have an adverse effect on the environment - it is not just the obvious polluters 
who are to blame. Xerox is well aware of this fact and is continually searching for 
ways to improve its environmental performance for both competitive and risk 
management reasons.
1 .6 -Aim s
The above sections of this chapter have summarised the main elements in this 
research project. Supply chains are important to business because they are 
where the new competitive edge is being created after manufacturing. 
Environmentally they have been overlooked due to the emphasis in the past on 
the environmental impacts of manufacturing processes. There are many 
processes within supply chain functions which result in significant environmental 
impacts, not least transportation. Environment has become an important 
business issue and is increasing in significance all the time. The public and 
therefore the government has firmly placed the onus on business to improve the 
state of the environment and industry must make its responses to that challenge. 
Modern companies cannot afford to ignore the environmental impetus either in 
the form of legislation, public image creation or stakeholder demands. In order to 
understand and improve its environmental credentials, a company must establish
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some measurement mechanisms which will allow targets to be set for 
improvements and the communication of those improvements to its stakeholders. 
Therefore measuring environmental performance is a pertinent issue. There is 
little merit in measuring performance and setting operational targets if the 
company does not incorporate the environment into strategic planning and 
decision making. A company will only manage to make incremental 
improvements to its existing business processes - a strategic focus is needed to 
make the big changes required to really improve environmental performance.
Therefore the objectives of this research project are two-fold:
1. To develop modelling capability of environmental impacts in a supply chain 
organisation.
2. To enable the environment to be considered in the strategic planning process 
of the supply chain organisation.
These aims are achieved using Xerox Ltd as a case study organisation to provide 
actual data and working practices to ensure the practical, commercial application 
of the environmental performance model. The next section in this chapter details 
how the thesis is organised to develop these objectives fully.
1.7 - Thesis construction
This section describes the contents and aims of each of the subsequent chapters 
in this thesis. Chapter 2 provides the context behind this research project. It 
discusses in detail that which is mentioned above - the importance of the 
environment for businesses using results from other companies to establish the 
requirement of industry to become more environmentally responsible. The 
history of environmental responsibility at Xerox is discussed. This places this 
research into context in terms of the previous work carried out at Xerox. It 
explains that many other environmental initiatives have been established to 
tackle various environmental issues, but that the supply chain, has in the main, 
been excluded from these initiatives. The company has developed a 
management system to help it control and reduce environmental impacts across
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its operations, but it does not encompass the whole life cycle of a product. The 
initiatives which do affect supply chain operations are described and the niche for 
this research in terms of Xerox is set. The chapter then continues to define 
supply chains and describe their operations in greater detail. There are certain 
aspects of supply chains which are of great interest for this research, the first is 
the measurement of performance of supply chains. Supply chains have only 
recently come to the forefront of business attention and the field of measuring 
their performance is a rapidly developing one. Lessons learnt from the literature 
and company reports are reviewed here. The second aspect of supply chains of 
interest to this project are their ‘greening’. It has been recognised that supply 
chain operations have many environmental impacts and that the current trend for 
considering supply chains as integrated with manufacturing has extended interest 
into the environmental impacts of the supply chain organisation.
It is not just the ‘greening’ of supply chains that is discussed, but also the 
improvement of the environmental performance of business in general. There 
are lessons to be learnt from those who have attempted to make their businesses 
in general more environmentally friendly and these are summarised in section 
2.5.1. Some organisations have already tried to combine measuring their supply 
chain performance whilst improving its environmental impacts. These are 
reviewed for use at Xerox Ltd and are found to be lacking in many aspects. So 
the context is set for the research: supply chains are complex, important
structures which have yet to have a clear methodology for measuring their 
environmental performance. Environmental management and performance 
measurement will only be able to extend environmental improvement of business 
processes so far. Incorporation into strategic decision making is required before 
it will be properly assimilated into the business.
♦ Model development
As a result of these conclusions, the environmental performance model is 
developed. Chapter 3 details the construction of the model and the results found 
from the data that is entered into it. The Xerox integrated supply chain and its 
functions and sub processes are fully described. The Xerox supply chain has 7
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main functional elements: the acquisition of materials, assembly of products, the 
distribution of finished goods, the installation of the equipment into a customer’s 
premises, the working life of the machine in the customer’s premises including 
servicing, paper and toner usage, electricity consumption, at the end of its 
working life the machine is removed and returned to the asset recovery 
organisation for repair, remanufacture or recycling. The sub processes within 
each of these elements are described fully. (The assumptions made about the 
sub processes and the data collected within each of them are fully detailed in 
Appendix 1). The boundaries of the model are clearly set as it is important to be 
able in the future to compare the results with other products and processes and 
so understand exactly what is included in the model and what is not. A product is 
selected to represent the whole supply chain and this product, Hodaka, and its 
marketing background are described.
During the scoping phase of this research project which is described in Chapter 
3, it was found that there are many environmental impacts arising from the 
operating processes of the supply chain. The methodology for dealing with such 
large and diverse types of data is the use of ‘indicators’. These are described in 
full in section 3.4 including the reasons for choosing indicators, the types 
available for use and those upon which it was finally selected. Chapter 3 then 
continues to discuss the results of the model as developed. As it is important to 
define the boundaries of the research properly, it is also important to define the 
functional unit against which all the results will be compared. This makes it 
possible to make accurate comparisons even though the criteria are different. 
The results are then discussed using analysis of the spreadsheets contained in 
Appendix 1. It is found that the model has been able to summarise the 
environmental impacts from a large and complex organisation such as the Xerox 
supply chain and provide some meaningful conclusions towards improving 
environmental performance in the future.
♦ Strategic planning
As mentioned above, measuring the environmental performance at an 
operational level will only take environmental awareness and improvement within
10
a company so far. Chapter 4 takes the model and the results developed in 
Chapter 3 and discusses how the model can be applied to business planning 
processes. This is done with specific reference to Xerox in order that the model 
is tested using ‘real’ data and management processes. The decision making 
processes of Xerox Ltd are described in the tiers that they occur - managing for 
results, strategic contracting and the Xerox management model. These models 
are generic throughout Xerox and have been used by other companies to apply 
total quality management to their processes and operations. More specifically 
the metrics which are used to report the success of the Xerox integrated supply 
chain are discussed. It is here that the environmental performance model 
requires full integration in order to become a strategically planned performance 
metric. The last section of Chapter 4 shows how this is possible by using some 
independently-generated customer satisfaction data from Xerox’ customers in the 
UK and Sweden. It is shown that there is indeed a correlation between 
environmental performance and overall customer satisfaction with Xerox’ 
performance as a supplier of goods and services. This is an important message 
to convey to senior management who are then able to incorporate the 
environment into future strategic decisions because they understand its 
implications to the business.
♦ Discussion of results
Chapter 5 discusses the findings of this research project in depth. The main 
issues in the development of the model are described. These are defining the 
system boundaries - very important especially in modelling and work related to 
the environment, and the decision to use indicators and the choice of indicators. 
The use of indicators meant that it was possible to summarise the environmental 
impacts from a large and complex operation - the supply chain - and enable it to 
be easily assimilated. The implications of the results of the model are also 
discussed in terms of Xerox as a company and in terms of the field of knowledge 
in this area. It is found that it is necessary to consider all environmental impacts 
when prioritising environmental action and that some parts of the supply chain 
are much more damaging to the environment than others. For the developing 
field of knowledge in this area it is confirmed that looking upstream towards the
11
supplier base is an important place to start reducing environmental impact, 
although the working life of a machine due to the servicing and paper usage is 
also worth consideration. The implications of the second objective of this 
research are then discussed in section 5.4. In terms of Xerox it was found that 
there is too much complexity in the decision making processes of the company to 
easily integrate an unfamiliar measurement. The choice of metric with which to 
align environmental performance became very important as it is this metric which 
focuses management attention. In terms of the established field of expertise in 
this area, the implications of this research are that it is indeed possible to raise 
the environment to a strategic, ‘board level’ issue. Many authors state that until 
this happens there will be no change in corporate activities which will drive 
companies any closer towards the ideal of sustainable development.
Just because the Xerox board now has a method by which they can incorporate 
the environment into strategic decision making, it does not mean that it will 
happen. Chapter 5 also discusses the current barriers to change at Xerox. 
Some of these are company specific and others are applicable to all businesses - 
these include the short term perspective that companies have, the need to 
valorise every action in order to contribute to shareholder value, the rapid 
technological change that occurs with digital products and the associated 
obsolescence. Future research issues include the question of companies’ 
contribution towards sustainable development. By many it is assumed that the 
current level of development, even with more environmental action, will not lead 
to a more sustainable future. There is a cultural dimension to sustainable 
development which affects all of us and major changes are required throughout 
society in order to achieve a more balanced rate of growth. Xerox, in particular, 
needs to look outside its own boundaries and start a more open dialogue with 
stakeholder groups other than its customers and suppliers.
♦ Conclusions
It has been found that it is possible to measure the environmental performance of 
an entire supply chain operation. The base data and main methodology have 
been established using Xerox as a case study. This was the first aim of this
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research project. The second was to ensure that the environment entered the 
strategic planning agenda and remained there. It was found that this was a much 
more complex task than originally envisaged and that the environment needed a 
‘champion’ metric to be attached to in order to make sense at a strategic level. 
The measure of customer satisfaction at Xerox provided this ‘champion’ metric 
and it was shown that it is possible, by describing the relationships between 
metrics, to establish the importance of the environment at a corporate level in 
terms of customer satisfaction.
This chapter has introduced this research project. It has summarised the main 
elements of the research - integrated supply chains and the measurement of their 
environmental performance, and then the application of that environmental 
measurement to strategic planning in a large multi-national company. The next 
chapter describes in detail the theoretical and practical context of this research.
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2.0 - Research Context
This chapter draws largely on the published works (McIntyre et al, 1998 a & b; 
McIntyre, 1998; see volume 2, section 1) and extends these papers in the 
following ways. The industrial and legal backgrounds to environmental issues are 
described. Companies are becoming increasingly proactive in environmental 
issues as their stakeholders are more aware of the effects that industry has upon 
the environment. There is an in-depth discussion on the background of 
environmental initiatives at Xerox to demonstrate where this research project 
dovetails into existing company programmes. The chapter also updates the 
published paper regarding academic studies into the measurement and greening 
of supply chains. The measurement and the ‘greening’ of supply chains are 
discussed separately, as this is how they are treated, on the whole, by the 
literature. There are also some companies who have attempted to improve the 
environmental performance of their supply chains. The relative merits of these 
similar attempts to measure the actual environmental performance of commercial 
integrated supply chains are described. None of these commercially developed 
tools is suitable for Xerox Ltd and the requirements of the Xerox environmental 
performance model are outlined.
2.1 - Business and the environment
There is ample evidence that human activity is already seriously degrading not 
only local environments, but also the global environment. Human economic and 
social activity currently appropriates over forty percent of terrestrial 
photosynthesis (the biological product of land) each year (The Engineering 
Council, 1994). The importance of the environment to businesses is well 
recognised. Many authors are in agreement that giving consideration to the 
environment makes good business sense and is no longer a threat, but a market 
opportunity (Shrivastava, 1995; Bansal, 1995; Porter & van der Linde, 1995; 
Hutchinson, 1996). Eden (1994) suggests that there is a compatibility between 
economic and environmental goals and this has been demonstrated by numerous 
case studies by the Institute of Management, World Business Council for
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Sustainable Development and INSEAD. ‘Environmentalism has been 
characterised as perhaps the most significant force shaping the economy, as well 
as one of the most important issues facing businesses during the 1990s (Murphy 
etal, 1995).
Popular concern with environmental issues is also rising (Dobson, 1990) and the 
current British Government is determined to uphold its election promises on the 
environment to promote this concern. The link between economics and the 
environment reflects the change in thinking about environmental problems which 
has occurred in industrialised countries in the last few years. The emphasis has 
shifted from ‘command and control’, or a regulatory approach, to an allegiance 
with market based instruments such as taxes or charges, which give polluters an 
economic incentive to adapt their practices. Harnessing the market is a more 
efficient way of protecting the environment, it is suggested, particularly when 
coupled with judicious use of regulations (Malcolm, 1994). It is not just national 
government which is supporting the environment through legislation, the 
European Union (EU) has been extremely active over the last few years in 
particular in creating more environmental controls. Traditional sources of tax 
revenues are being eroded and environmental taxes are proposed as one source 
of new revenue. The UK has a few green taxes: the duty differential between 
unleaded and leaded petrol; the landfill tax; the promise to increase road fuel duty 
by at least five percent per year; and VAT on domestic fuel. All but the first were 
introduced in the 1990s and the Government seems set to continue this trend as 
demonstrated in their recent budget.
Legislation aside, there are a number of very pragmatic reasons that companies 
are interested in environmental issues. These are the avoidance of litigation 
now, the avoidance of future liability and market position and competitiveness. 
Currently these reasons show the true value of the environment for companies. 
Many companies, whilst not merely ‘green washing’ or using the environment for 
public relations, treat the environment as a risk management exercise because 
the future effects of the environment on business are unclear. There are also 
many cost savings to be reaped from environmental initiatives. At Xerox Ltd,
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concern for the environment has extended to all of these issues as described 
below.
2.2 - Xerox limited and the environment
Xerox Ltd (XL) is the European subsidiary of the Xerox Corporation with 
customers in over one hundred and twenty countries. In 1997, the company 
created $5.5 billion in revenue from its product range which includes copiers, 
printers, fax machines, optical scanners and digital publishing machines. It has 
also moved into document management software and established a document 
management consultancy for business and government.
A number of principles have emerged in recent years to guide the transition to a 
more sustainable future - among them concepts of eco-efficiency, design for 
environment, waste minimisation, producer responsibility and closed loop 
systems (ENDS, 1996). XL has applied itself thoroughly in attempting to translate 
these principles into practice by launching its Environmental Leadership 
Programme. This initiative is not simply about improving the firm’s environmental 
performance, it has also proved vital to enhancing its competitiveness. The 
environmental leadership programme was developed in 1990 from the 
environment, health and safety policy, and was manifested in the establishment 
of several projects aimed at developing a Design for Environment methodology, 
whilst maximising product take-back, resource conservation and waste 
minimisation. Figure 2.1 below shows the scope of the programme and 
highlights some of the initiatives that the programme has identified.
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Figure 2.1 The scope of the environmental leadership programme at Xerox Ltd
THE SCOPE OF ENVIRONMENTAL 
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Adapted from Xerox, 1995
Within each of areas identified by figure 2.1, best practices are targeted, although 
activity in each area may vary over time. The main goal of the Environmental 
Leadership Programme is to enhance value to Xerox and its customers by 
improving Xerox productivity and global competitiveness while minimising 
environmental impacts.
2.2.1 Management Systems
Industry is increasingly turning towards new management systems to enhance 
efficiency and savings by organising all relevant activities into easily managed 
processes. An environmental management system defines processes which 
ensure continuous regulatory compliance while reducing risk and preventing 
pollution (Xerox, 1998). These environmental management systems are being 
implemented at many of Xerox sites throughout the world. The environmental 
leadership programme is also intended to drive Xerox beyond compliance to a 
much higher standard of environmental awareness and management. Its 
corporate goal of ‘waste free products from waste free facilities’ encourages all 
employees to look upon waste elimination as a productivity improvement. In 
manufacturing plants, the waste free concept extends from pollution prevention, 
emissions reduction and hazardous material elimination to responsible resource
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consumption through the most advanced integration of the three Rs (reduce, 
reuse, recycle). The company’s focus on certified quality manufacturing 
processes including asset management has led to resources conservation (raw 
material cost avoidance of over £50 million each year) and landfill reduction (over 
seventy-five percent less since 1993). The certified environmental management 
systems that are available to companies from organisations such as the 
International Standards Organisation and the British Standards Institute cannot 
address supply chain issues from an overall perspective as they are boundary- 
specific and do not lend themselves easily to a multi-site, disparate organisation 
such as the supply chain. Section 2.3 provides a description of a supply chain.
2.2.2 Environmental programmes and the Xerox supply chain
As mentioned above, there already are environmental programmes underway in 
the Xerox Ltd supply chain. This section describes some of those programmes in 
greater detail. The main environmentally oriented activity that the Xerox supply 
chain carries out is the asset recovery operation (ARO). Since the 1960s Xerox 
has recovered products and parts from its customers for reuse as refurbished 
equipment and spare parts (Xerox, 1995). The company recognised that the 
majority of components and sub-systems in the products manufactured were 
capable of being reprocessed and reused several times and were still able to 
meet the original design specification. Historically, the company found that the 
demand for refurbished equipment and spares accounted for only a fraction of 
the available recovered parts, necessitating the disposal of the surplus through 
external recycling and landfill. In order to capitalise on this business opportunity 
Xerox developed its remanufacturing strategy. The concept started as a dual 
product range. One part comprised the ‘newly manufactured’ products 
incorporating new technologies and many features. The second, alternative range 
of products is made predominantly with reprocessed parts and these were called 
‘remanufactured’ machines. Effectively, Xerox has ‘closed the loop’ for the whole 
supply chain, maximising the recovery of materials and parts, and reducing the 
need for valuable raw materials. The company has now moved on an important 
conceptual step: It should not matter to the customer whether the machine that 
Xerox recommends to them has had a previous life or not, as long as it is ‘fit for
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purpose’. To this end, the differentiation in terminology between remanufactured 
and newly manufactured machines has been dropped by the company. Currently 
nearly seventy percent of machines reaching the end of their useful life with the 
customer are recovered. Of this, three-quarters are remanufactured and the 
remainder used for parts reprocessing. It is difficult to recover one hundred 
percent of machines as they are sold through a variety of routes, some of which 
Xerox does not control and so does not know who the final customer is. The 
asset recovery operations, first established in Holland in 1987 with twelve people, 
have been expanded to all manufacturing sites and now employ four hundred 
people producing an equivalent turnover of £100 million per annum.
The returns transport flows, which bring used or unserviceable machines, parts, 
packaging and pallets back for recycling, reprocessing or remanufacturing are 
integrated through the Xerox European Logistics Operation in Holland to avoid 
empty runs. The planning and movement of materials uses a pre-planned 
scheduled service rather than an ‘as fast as possible’ opportunity-based system 
which has resulted in improved truck loading and fuel efficiency. The packaging 
of Xerox products has also been scrutinised and has been the subject of a 
concentrated effort to reduce, reuse and recycle. The current packaging strategy 
revolves around an efficient returnable-reusable toting system. The tote method 
eliminates the need for packaging on all large copiers, right up to delivery and 
installation. There are many other environmental initiatives currently underway at 
Xerox and these are summarised by Figure 2.1. The few initiatives described 
above are intended to illustrate Xerox’ continued commitment to environmental 
improvement and its awareness that the supply chain has much to offer in terms 
of reducing environmental impact.
2.3 - The supply chain
The supply chain can be viewed as the flow of materials, products and 
information from suppliers through production and distribution to final users and 
consists of all participants involved in the process of making products available to 
end users from raw material to finished goods stage (Chow et al, 1995). Supply 
chain management is therefore synonymous with the concept of integrated
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logistics management which recognises the links between logistics and other 
areas of the firm and the need to co-ordinate logistics activities among other 
business activities to achieve a high customer service level overall. Christopher
(1992) defines logistics as ‘ the process of strategically managing the 
procurement, movement and storage of materials, parts and finished inventory 
(and the related information flows) through the organisation and its marketing 
channels in such a way that current and future profitability are maximised through 
the cost effective fulfilment of orders’. The two terms, supply chain and logistics, 
are used interchangeably in this research project.
The development of the idea of the supply chain owes much to the emergence 
from the 1950s onwards of systems theory and the associated notion of holism 
(New, 1997). According to New (1997) there are three meanings of ‘supply chain’ 
which dominate discussion on the topic:
a) the supply chain from the perspective of an individual firm.
b) a supply chain related to a particular product or item.
c) supply chain used as a synonym for purchasing, distribution and materials 
management.
New (1997) comments that it is the ambiguity of what a ‘supply chain’ is can often 
confuse and mislead readers. In this research project, the supply chain under 
scrutiny is that of Xerox Ltd and, more, specifically, of one product’s manufacture, 
distribution and use within the UK market (this is described in full in Chapter 3).
The Xerox supply chain organisation is defined by the company as ‘a cross 
functional organisation involving activities from supplier to customer - providing 
‘line of sight’ between the two and increasing cash velocity to support business 
division and customer operations goals. It is a closed loop chain of functions 
linking activities from supplier to customer - looping back via product removal, 
stripping, recycling and reuse. It is also a series of sub-processes strategically 
interfacing with other core processes to deliver the right product to the right place 
at the right time’ (Xerox, 1995a). Its mission is ‘to be the benchmark supplier in 
the document industry, reflecting the desire to become more customer focused
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and based on the company’s need for growth and European wide integration’. 
This complements the company’s global strategies of being a full service supplier 
and the Xerox management model (discussed in Chapter 4) and contributes to 
the corporate objectives of growth, productivity and employee motivation and 
satisfaction (Xerox, 1997). The definition given above of Xerox’ supply chain 
would indeed be considered ambiguous by New as it is at too high a level to 
make sense of. This is why, in this research project, a much ‘lower’ or specific 
version of the supply chain is used. By tracing one product through its life cycle 
or supply chain, it is possible to gather a meaningful definition of a supply chain, 
one that is understandable and accessible. This is fully described in Chapter 3.
2.4 - Measuring supply chains
Performance metrics are considered a critical tool in the management of today’s 
processes. Measurement in this context refers to the adoption of statistical 
process controls and techniques by logistics managers. Leading edge logistics 
companies have been termed ‘compulsive performance measurers’, monitoring a 
diverse and broad-based set of operational and strategic parameters (Boyson et 
al, 1995). Bowersox (1994) suggests some propositions regarding the projected 
direction and magnitude of leading edge logistical practice into the 1990s:
• the basic demand for logistical service will expand
• environmental and infrastructure constraints will become increasingly 
restrictive
• human resource will be a critical concern
• logistical competency will be viewed as a strategic resource
• logistical arrangements will become more relational
• logistics organisations will become increasingly transparent
All of the above points will require a form of measurement in order to manage 
and demonstrate a firm’s ability to meet the increasing demand for logistics. In a 
large benchmarking study, Gibson and Mundy (1995), note that the importance of 
performance management systems was seen as important as cost management.
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Information is a key factor in the continuing development of supply chain 
operations. Metrics are favoured by financial institutions and are one way of 
comparing organisations. Measuring performance is not just about how well a 
company is doing, it is also a means of demonstrating its recognition of its 
obligation to the future. Caplice and Sheffi (1994) recognise that the environment 
in which supply chains operate is changing rapidly. In order to accommodate this 
change, those managing the firm need adaptable and accurate performance 
metrics. There is no need to create new metrics as the critical elements of 
logistics management remain the same - time, distance and money. Therefore it 
is recommended that firms revisit their performance systems and evaluate them 
anew. In this way, individual, function specific metrics are the building blocks of a 
measurement system. A good metric according to the authors is one which has 
the following qualities: validity by reflecting the actual process being measured, 
robustness in being widely accepted, usefulness if it is easily understood, 
integration if it promotes co-ordination across functions, economy by adding more 
value than cost, compatibility with existing information and systems, the level of 
detail must be sufficient and behavioural soundness in that it aligns people’s 
actions with the organisation’s objectives. The paper does mention that it is 
sometimes not possible to incorporate all these criteria into one metric and trade­
offs have to be made. This is a useful paper as it confirms that it is better to use 
cross functional metrics in a complex organisation with many different functions. 
These are very generic measurements which would not necessarily be very 
conducive to measuring environmental performance. Many sub level 
measurements would need to be taken to make this type of metric work.
New and Payne (1995) point out that there are a certain set of difficulties with 
research into logistics. There is a trade-off to be made when studying logistics; 
technical progress is only made through rigorously concentrating on a small area 
in order to have maximum managerial impact, the area of study is large, complex 
and possibly ambiguous. Work is of little value to an organisation if it is too 
simplistic, but conversely it is difficult to reach conclusions if the full extent of 
complex situations is incorporated. These authors think that soft measures are 
as important as hard measures and this is certainly true for the environmental
22
impacts of supply chains where the local community around manufacturing sites 
and distribution centres is as important as the energy used or the emissions 
produced by that site for example. Variety in a control system is the most 
important criterion when managing a system which has a large number of 
possible states - exactly the case in supply chain organisations (Cooper & 
Griffiths, 1994). Products proliferate, transnational companies focus production 
and serve markets around the world, the cost of holding inventory is very high 
and consequently Just-In-Time (JIT) is used. Reducing inventory in this way has 
a positive effect on cost, but customers are ever more remote and expect faster 
and more reliable delivery.
Cooper (1991) believes that there is a paradox for logistics in Europe and that we 
are currently in a state of rapid change. Free trade is increasing, yet there are 
still fragmented markets in eastern Europe leading to a dichotomy of unification 
and diversification. Demand side logistics has come into being with companies 
dictating terms to suppliers. This has been encouraged from the environmental 
perspective with EMAS (Eco Management Audit Scheme) which requires 
environmental management principles to be pushed back to suppliers. Cooper 
predicts that the future will bring increased competition from Japan and the USA 
and new challenges in the form of the environment and Eastern Europe. These 
sentiments are echoed by Braithwaite and Christopher (1991). Production has 
become centralised but the markets are not homogenous and local variety is 
required whilst maintaining the advantage of standardised global production. The 
complexity of the logistics task is increasing exponentially with the extension in 
the range of products, shorter lifecycles, marketplace growth, the number of 
market channels, takeback of end of life equipment and value added services. 
Ploos van Amstel and Verstegen (1991) concur with this view of increasing 
customer demand and offer a ‘total logistics concept’ as a solution to these 
increasing demands.
Chow et al (1995) maintain that improving effective decision making across firms 
will have many implications. These authors put forward a framework for research 
into organisational issues in logistics which outlines the steps in defining
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organisational properties in order that research results may be compared. They 
have identified four structural properties: centralisation, span of control, scope 
and formalisation. Integration is treated as a product of organisation structure, 
not as a property of it. Although the ideas set out in this paper are good ones, 
they are rather restrictive and more applicable to those researchers trying to work 
out how supply chains are operating, rather than incorporating new dimensions 
into the supply chain. On a more specific note, Narus and Anderson (1996) 
advocate more flexible and responsive channels as a means to reducing cost and 
improving productivity. They encourage the use of information sharing to greater 
productivity and profit.
Logistics is not just about lifting and shifting, claims Christopher (1993), but has 
an important contribution to make to competitive advantage. Logistics has the 
advantage of cutting across traditional functional boundaries and being able to 
provide an integrated concept. There is a debate currently underway as to 
whether it is better to take a vertical (or functional) focus in the firm or a 
horizontal (or process) orientation. Interestingly, Christopher in this paper, also 
remarks that customer service requirements can only be accurately determined 
through research and competitive benchmarking. In 1994, Cooper (1994) 
provided an overview of logistics into the 21st century. He proposes that 
planning and forecasting will be very important, if somewhat difficult. To echo 
other statements reported in this literature review, markets are fragmenting, 
lifecycles shortening and greater degrees of customisation are both possible and 
offered. Until the 1970s products were pushed down distribution channels to the 
customer, during the Eighties systems became driven by customer needs and 
this demand pull logistics continues into the 1990s. For the new millennium, 
logistics will move into flexible fulfilment, customising to the exact terms of 
product configuration and service. As Cooper highlights, uncertainty can lead to 
the inefficient use of time in logistics which becomes especially important when 
companies start competing through time in order fulfilment. Therefore ‘smarter 
systems are needed to simulate modelling approaches to test new designs 
thoroughly at the conceptual stage’. This is particularly pertinent in terms of the 
environment where it is important to identify the impacts resulting from a course
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of action before damage has occurred. Bytheway (1995) discusses the role of 
information in supply chain development and mentions that the combination of 
measures is dependent on the level of intended improvement. He also says that 
the role of information in supply chain improvement is not just about cost 
reduction, it can also be about improving merchandise flow, successful 
outsourcing, ‘sell one-make one’ manufacturing, JIT manufacturing, forecasting 
and accurate response, order fulfilment time, activity based costing or balancing 
trade-offs. Huggins and Schmitt (1995) note that supply chains are made from 
interconnected links of demand response loops and fully integrated supply chains 
connect the various links in a seamless, paperless fashion. There are 
challenges to integrating the logistics supply chain - information integration is a 
key discipline providing the ability to engineer sound solutions in order to 
establish break-through thinking in logistics management.
2.4.1 Business Performance Metrics
Doyle (1994) suggests that an over emphasis on profitability in measuring 
corporate performance leads to organisational instability by minimising 
expectations, concentrating on the short term and return on investment. Single 
measures like profitability measure performance from the perspective of one 
stakeholder only (the shareholder). Other main measures such as market share, 
shareholder value, acquisitive growth, employee satisfaction involve trade-offs 
with each other, as they are not compatible. Doyle continues to say that 
companies who concentrate on being excellent in one performance measure run 
the risk of disequilibrium and that the company needs to establish a ‘tolerance 
zone’ to meet as many stakeholder expectations as possible without causing 
conflict. Hastings (1996) supports the view that purely quantitative measures do 
not reflect the aim of the company, as they reward short term value creation, not 
long term effect. He says that strategy needs to be evaluated using a hybrid of 
techniques which can deal with quantitative, qualitative and intangible criteria. 
Brown and Laverick (1994) continue with much the same criticism that what is 
currently used is ‘yesterday’s performance measuring yesterday’s decisions and
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that what is needed are measures that provide today’s decisions which will 
benefit tomorrow’s performance’.
2.5 - Greening supply chains
Legislative issues affecting industry appear to be increasingly supply chain 
function focused. Recent EU legislation has included the Waste Electrical and 
Electronic Equipment working paper (DGXI.E3/FE D(97)), entailing a new 
‘accountability’ of the producer for the recovery of end-of-life electronic goods. 
The Producer Responsibility Obligations (Packaging Waste) Regulation (1997) is 
currently being formulated into national law in EU member states and requires 
national governments to ensure that they are recovering sixty percent of 
packaging waste by 2001. This requirement is passed onto industry, not the 
consumer. Both of these pieces of legislation have profound implications for a 
supply chain, as it is this part of the company which may have to develop the 
necessary structures and processes to provide for the return of both products and 
packaging.
Logistics is a developing subject area, but practitioners are already realising that 
the environment is important for supply chain organisations too. As Penman 
(1994) points out there have been considerable environmental developments 
within certain discrete elements of the supply chain, but the danger lies in viewing 
any of the aspects in isolation. There is a need to look strategically beyond the 
immediate environmentally-driven aspects of supply chain management. 
Penman continues to propose that true economic and environmental costing is 
required across all supply chain functions. This paper is very transport focused, 
yet doesn’t deliver any concrete conclusions of whether JIT delivery is better or 
worse than large inventory holding from an environmental perspective. The 
author does mention that the environmental costs and benefits of recovery and 
recycling of goods and materials have to be carefully weighed up before 
committing to a particular course of action. Cooper et al (1992) on the other 
hand, maintain that the transport and storage of goods is at the centre of any 
logistics activity and that these are where a company should concentrate its
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efforts to reduce its environmental impacts. These authors are clear on the 
actual environmental impact of certain aspects of transport configuration. They 
claim that twenty-four hour transport is less environmentally damaging as fuel 
consumption is more efficient with less congestion, JIT raises fuel consumption 
as smaller lorries consume more fuel per tonne of goods moved than larger 
vehicles. The use of combined transport options such as containers using road 
and rail links is advocated for environmental improvement. In order to begin the 
improvement process, the authors suggest a three stage approach: an
environmental audit of the logistics operation, a listing of actions to reduce 
impacts and a priority ranking of these actions. The problem with these 
recommendations is that they are not stakeholder focused, but look only at fuel 
consumption and economic cost. Improving the efficiency of fuel consumption 
will indeed reduce environmental impact, but local community issues may 
become more important when using large lorries in a twenty-four hour operation. 
Public awareness and concern over environmental and safety issues have 
changed the outlook on logistics management. Consequently the fields of risk 
management and risk communication are now important factors in logistics 
management (Boyson et al, 1995).
Howie (1994) recognises that the environment has far reaching impacts on the 
supply chain. Transport is viewed as an activity with a negative environmental 
impact, yet the transport sector represents seven percent of the GDP (gross 
domestic product) of Western Europe and employs seven percent of the 
workforce. On the other hand the cost to society in terms of congestion, pollution 
and accidents has been estimated to be five percent of the GDP. The energy 
consumption of the transport sector comparative to all of industry equals one 
third of all the energy consumed in the EU, eighty-five percent of that energy is 
used by road. However, the sector is fragmented, very competitive and 
disinclined to act in concert to find solutions to these issues (Howie, 1994). 
Congestion is inflationary and decreases productivity through delays, stock outs 
or over-stocking. So, there is a dilemma between reducing environmental impact 
and increasing financial cost. Howie recommends a significant improvement in 
‘loaded miles’ and the use of consolidators (organisations which ship many
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companies’ products together to maximise loading efficiencies) to increase 
efficiency. Steger (1996) claims that certain preconditions are necessary before 
an environmentally oriented value chain can be created. These include: an 
environmentally oriented system of corporate management, a culture which 
allows learning and a top down principle with bottom up support. Steger is not 
sure whether the new production concepts can be combined with the 
environment. An interesting point is identified in that development and change 
aimed at the target audience is more likely to result in the environment being 
considered from the beginning of the process. The author of this paper then 
discusses information systems and identifies some common problems felt by all 
parties involved. Practitioners and their stakeholders often complain of
information overload and that the information collected is of no use for decision
making.
The re-engineering of structure and management is an untapped business 
opportunity, claims Giuntini (1996). The traditional supply chain has poorly 
structured operational and financial decision making which has institutionalised 
poor management of material resources. He proposes that reverse logistics 
management is the answer to improving the environmental impact of the supply 
chain by improving material use. This paper is focused on a small part of the 
overall supply chain, but Giuntini’s recommendations for the use of reverse 
logistic management as an organisational decision making driver are well thought 
out. Interestingly, Jones (1995) uses the term life cycle cost without referring to 
the environment, but his points are valid nonetheless. Life cycle costing
encompasses every conceivable direct and indirect cost associated with the
acquisition, operation, support and disposal of the system. There are a number 
of desirable characteristics of a model, states Jones: it should be capable of 
providing comparisons and evaluations for trade-off analysis of different options, 
it should identify risks and establish baseline data for sensitivity analysis. Some 
of the problems with modelling are the use of invalid assumptions when 
insufficient data exists, changes to the system and the quantity of data required. 
Jones also mentions that, although imperfect, life cycle costing is the only tool
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available to assess the impact of design, operations and support decisions on the 
total system.
From a corporate perspective, some companies have attempted to address 
environmental issues through the supply chain. Their work concentrates on the 
up-stream part of the supply chain i.e. the suppliers. Both BT and B&Q have 
achieved a considerable amount in this field. BT have had a vendor assessment 
scheme incorporating environmental purchasing policy for over four years now. 
B&Q use both questionnaires and auditors to track environmental issues in their 
supplier base and have decided that this approach is preferable to requiring 
environment management system implementation (B&Q, 1995). Neither of these 
companies, or any others, consider themselves as the supplier and so, move 
environmental management principles into their supply chain organisation. 
Although Lamming and Hampson (1996) mention that ‘environmental pressures 
may be expected to increase in the future’, they suggest that ‘an effective means 
of dealing with them must be implemented through the purchasing function’. 
Their paper concentrates on the supplier base of a company as the focus for 
supply chain environmental performance, but environmental performance criteria 
must be attached to the whole supply chain function to encompass the whole, not 
just the up-stream effects. Other organisations have focused on the other end of 
the supply chain with recycling issues. Equipment is returned from the 
customers of companies such as IBM, Nokia, BMW and Xerox (Hopfenbeck, 
1993). These companies either recondition the old equipment or reclaim the 
materials they are made from, reprocessing into raw material. It appears that 
little work is being carried out into how to evaluate decisions concerning supply 
chain operations. The logistics discipline is well qualified to deal with cradle to 
grave issues because of logistics’ focus on supply chain management, which 
emphasises the control of materials from suppliers, through value added 
processes and on to the customer. The interface between logistics and the 
environment is embedded in the value adding functions a firm performs (Wu & 
Dunn, 1995). As Wu and Dunn (1995) quite rightly point out ‘to minimise total 
environmental impact, it must be evaluated from the total system perspective’.
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2.5.1 ‘Greening’ Business
In a wider context, there are other ‘green’ measures suggested which do not 
solely concentrate on the supply chain function of an organisation. These papers 
do have relevance to the supply chain as it does constitute a large proportion of 
resources for many companies. Bebbington et al (1994) ambitiously discuss the 
meaning and implications of sustainability on accounting and how sustainability is 
constructed and understood by the business community. They identify that 
sustainability and accounting are connected through systems theory - i.e. that 
there are financial implications of environmental pressures and that the 
development of full cost accounting and pricing has an important role to play 
here. Another connecting factor is the social contract between business 
organisations and society. The authors also mention that accountancy can act 
as a scorekeeper, but that it has not yet achieved this role for the environment. 
They do not offer any practical answers to these issues, but mention that the 
incorporation of the environment into accountancy may help managers to decide 
whether they are moving away from or towards sustainability. Another paper 
discussing the role of management accounting and the environment has been 
written by Milne (1994). Again he points out that formal decision analysis and 
traditional management accounting neglect the social costs and benefits of 
corporate activities. Management are under pressure to provide this type of 
information to their stakeholders, but specialist information on the environment is 
unfamiliar to accounting systems. Conventional accounting and traditional 
economics consider preference indicated by willingness to pay and as Milne 
points out, this is a rather exploitative approach to natural resources. Therefore 
he suggests using environmental impact analysis and cost benefit analysis to 
deal with the social and environmental externalities, however these do not help 
with internal decision making. Total Impact Accounting, on the other hand, is 
able to incorporate these factors by extending business information systems to 
include environmental considerations using ethical and environmental audits and 
resource flow input/output analysis. These ideas sound fine in principle except 
that they are too anthropocentric to truly reflect the environment and there are no 
suggestions how management would be able to use the information that they 
would generate.
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Azzone et al (1996) think that environmental performance indicators are 
particularly important due to stakeholders demanding environmental 
improvement and then proof that the improvement has actually happened. These 
authors state that indicators come in four categories: the state of the
environment, corporate environmental policy, environmental management 
systems and products and processes evaluated by an eco balance. These are 
useful categories to keep in mind when putting together an external report for 
example, but having a policy or an environmental management system does not 
necessarily indicate that one process is any more environmentally sound than 
another. Of particular interest in this paper, are the authors’ recommendations 
for an eco balance analysis. This is similar to the concept of environmental 
auditing and certain aspects of LCA, a structured method for reporting physical 
inflows and outflows of resources, raw materials, energy, products and waste 
occurring over time. There are three main components in this eco balance 
methodology: the company balance details all energy and materials used, the 
process balance gives an overview of the resources and energy used in 
production and the product balance assists management in assessing the 
environmental impact of the product. These theoretical recommendations are of 
use when considering the design of an environmental performance, the actual 
usefulness of their overall system is not apparent and there are no suggestions 
as to how the information will be managed by the system. In a similar customer 
focused vein, IBM (1995) asked its stakeholders - employees, customers, 
investors, decision makers etc. what they considered to be the most important 
aspects of IBM’s environmental performance. The results showed that proof of 
concern for the environment and action for the future were foremost in the 
stakeholders’ minds.
Brown et al (1996) are of the opinion that environmental management systems 
provide the private sector with an initial framework for instituting an internal 
management structure that allows companies to meet environmental 
management goals. This consists of skeletal guidance only and in order to plan
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for long term competitiveness, companies should look beyond standards’ 
frameworks to the available quantitative tools used to gauge environmental 
performance. The authors of this paper propose a system called Life Cycle 
Stressor Effects Analysis which expands on Life Cycle Analysis through an 
iterative process designed to analyse the significance and uncertainty of 
environmental effects. By using this stressor approach, the system will look for 
effects which trigger a multitude of effects afterwards. This type of ‘prime mover’ 
analysis is relevant from a supply chain perspective where there are many 
interlocking systems which have large knock-on effects through the organisation. 
However, it is difficult to imagine the system, as explained in this paper, working 
in practice. The stressor effects networks ultimately result in data such as 
number of fish killed. These metrics are not always relevant to decision making 
in a company trying to improve its environmental performance and communicate 
that to its stakeholders, neither can they be aggregated to provide an overall 
picture of environmental performance without going into too much detail.
Cahan and Schweiger (1994) stress the importance of integrating environmental 
considerations into corporate decision making in order to reduce impacts through 
the product’s life cycle. This is a very useful point, but the authors do not explore 
the complete product life cycle through takeback or consider the transport 
element of the life cycle. In another case study, Kodak (Bober et al, 1993) 
concentrates on hard measures of health and safety figures and it is not apparent 
in this paper how the performance measures are rolled out to other corporate 
operations such as the supply cycle or operating companies. James and Bennet
(1993) aim to show companies why they should be measuring environmental 
performance. Whilst this is the most comprehensive of the environmental 
performance measurement systems reviewed, it is too generic and would require 
a vast amount of information to make it work. The authors do not suggest what 
the outcomes of such a huge database would be and it is paramount to 
understand the reason for creating measures and the purpose they will serve 
before starting the highly complex process.
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Although many companies have environmental management strategies, they 
have done nothing about integrating them into management decision making 
(Epstein, 1996). No company has yet designed a comprehensive system for 
integrating environmental cost into all management decisions. Epstein (1996) is 
sure if environmental costs continue to be placed in overhead accounts and be 
spread across facilities and products in an arbitrary manner, then the causes of 
those costs will remain obscure. Therefore, he suggests that activity based 
costing can define which processes and products cause environmental costs and 
then strategies can be developed to deal with them. Product prices should 
include the current costs of past impacts, current costs of current impacts, future 
costs of current impacts and the future costs of past impacts. Like many 
recommendations reviewed in this paper, problems are foreseen with the actual 
implementation of this accounting procedure. Where are the drivers for 
environmental change in this system? A company would find it very difficult to 
include the environmental costs in the actual product price to the customer 
unless it became an industry standard and so where is the actual value in 
knowing the full environmental cost? It would be hard for a company to show 
improvement on a year-on-year basis from this sort of metric as other influences 
on prices, such as inflation, would disguise any environmental costs included.
James and Wehrmeyer (1994) state that environmental performance 
measurement is concerned with the development and implementation of metrics 
to assess performance in environmentally significant areas of activity. They 
suggest that it can either take a cradle-to-grave approach or be driven by 
management considerations such as usability or simplicity, but that both types 
are influenced by contextual factors such as political climate, legislation, the size 
of the company and the management style and culture. Haines (1993) suggests 
that environmental performance indicators are a way of balancing compliance 
with business economics. Although a valid point, it is a little short-sighted - 
environmental performance indicators can go far beyond compliance and 
business economics. From the corporate perspective, the Environmental 
Performance Indicator used by Nortel - an electronics manufacturer, 
concentrates almost solely on compliance and legal issues, although they do
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attempt to address issues such as resource consumption, but the emphasis is 
definitely on compliance to legal standards (Nortel, 1996).
Corbett and van Wassenhove (1991) remind us that the disastrous effects of an 
incorrect performance measurement system is illustrated by the poor 
environmental state of Eastern Europe. Eastern European governments found a 
fixed relationship between input and output of plants. The input used by a plant 
was taken as the measure of a plant’s performance, as it was easier to measure 
than output. This provided plant managers with a very strong incentive to 
maximise input per unit output, leading to highly inefficient manufacturing 
practices currently encountered in Eastern Europe: the amount of energy and 
other inputs required by a plant per unit value of output is two to three times 
higher than that of the West.
2.6 - Combining the measurement and ‘greening’ of supply chains
There are some methods already existing which aim to measure performance 
and encourage more environmentally benign operations. Although most of them 
are not specifically aimed at supply chain operations and take whole firm 
perspectives, they can be applied to supply chain operations, they do not provide 
the exact solution to Xerox’ requirements. They are discussed in this section.
The most simplistic approach is that of Ebner et al (1995). These authors 
recognise that as a consequence of the fast growing environmental awareness in 
Germany and Europe it has become necessary for (transport) carriers to be able 
to evaluate ecologically their potential network alternatives. To achieve this, 
‘BOSS’ provides a module where different network configurations can be 
assessed by environmental measures. ‘BOSS’ is a tool for transportation 
managers which allows fast decision support to complex questions. Other 
modules in the tool measure process-oriented cost structures, multi-depot 
problems and network optimisation. The tool is intended for use with carriers 
operating bi-directional transportation flows which are very simple in comparison 
to the Xerox supply chain. The tool considers the most important environmental 
impacts associated with transportation activities to be: emissions (noise, gas),
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resource consumption and infrastructure utilisation. These three parameters are 
measured by the tool which is described in the paper, but no actual data is 
attached, therefore it is not clear whether the tool would work or not. There is no 
suggestion how the environmental measures can be tied in with existing 
performance metrics and indeed what they would mean in relation to existing 
performance metrics, and therefore, how trade-offs can be made between the 
other modules in the ‘BOSS’ tool. Also the tool only looks at the transportation 
element of a supply chain. This is not a very complex model and only aims to 
accelerate the planning process within the transportation elements. The tool 
does recognise the importance of the environment in the future and that there will 
be a marketing advantage to be gained from ‘ecological transportation’.
Another tool which has been developed by a Swedish forest products company 
aims to provide the company with a measure of the ‘greenness’ of its supply 
chain. Stora is one of the biggest purchasers of contracted transportation in 
Europe and its tool stems from a desire to influence the contractors to be more 
environmentally aware. The company calls its working concept, the ‘Transport 
Chain Assessment’, and aims to be able to reduce the adverse environmental 
effects associated with transport. The tool enables the emissions and energy 
consumption of a specific transport chain to be computed. In the first phase, a 
baseline is established which shows the various types of emissions and energy 
consumption from a specific transport. This information is then used to produce 
customer-specific transport environmental profiles. It is then possible to assign 
each customer and transport chain a unique environmental profile. This enables 
deficiencies and unnecessary emissions to be rapidly identified and measured 
(Stora, 1997). Unfortunately as this is a proprietary methodology, it has been 
difficult to elicit any more information regarding how emissions and energy are 
calculated and how improvements are shown. The premise that it is the goods 
which cause the emissions and not the transport alone is an important one and is 
the premise behind this research project at Xerox. There would be no transport 
were it not for the goods being moved around. It would be interesting to see 
whether Stora’s methodology could be applied to a more complex supply chain 
scenario which includes a year on year customer use phase.
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Another methodology for measuring the environmental performance of 
companies is based on another of Stora’s suppositions that environmentally 
sound solutions are frequently more rational and less resource intensive and 
therefore more cost effective. The Storebrand Scudder Environmental Value 
Fund is an investment fund which embraces the most environmentally 
responsible companies irrespective of which industry group they come from. 
This is a step on from the traditional ‘green’ investment fund which has excluded 
some industries with ‘dirty’ reputations (Goodman, 1996). The fund uses a 
‘sustainability index’ to ascertain the environmental performance of companies. 
Firms are rated against eight environmental criteria based on the concept of eco- 
efficiency pioneered by the World Business Council of Sustainable Development. 
These include - global warming, ozone depletion, material efficiency, toxic 
releases, energy intensity, water use, environmental liabilities and the quality of 
environmental management systems (Storebrand Scudder, 1997). For the most 
part the criteria ratings are calculated by dividing the environmental impact 
realised (e.g. tonnes of C 0 2) by the company’s revenue. This gives a number 
against which companies within industry sectors may be compared. This is a 
very high level of normalisation of results which carries the risk of concealing the 
true reasons for any environmental impact. Although this may provide the 
financial community with a measure of environmental performance, it would be 
very hard to internalise this methodology as a planning and assessment tool for 
individual supply chains. The data which is relied on to construct the 
sustainability index is gathered via the companies themselves and, therefore, 
cannot be viewed as entirely objective. Also, this is an investment fund and so 
companies are primarily rated on their financial performance, the fund is unlikely 
to invest in a company which is not performing financially well however 
environmentally friendly it was.
Unilever is another company which has attempted to measure the environmental 
performance of its operations. There are many companies which do this, but 
Unilever’s approach is based on the impact that the whole company, including its 
supply chain, has on the environment. The ‘Unilever Imprint System’ assesses
36
the potential impact of the company’s activities on the environment taking into 
account the full life cycle of its products (Unilever, 1998). For the supply chain 
activities this is very much aimed at reducing the impact of Unilever’s suppliers 
particularly regards assuring the sustainable supply of fish through the Marine 
Stewardship Council. The Unilever Imprint is based on a broad-brush life cycle 
analysis approach. The company has chosen a limited number of supply chains 
that are representative of the actual supply chain and then representative 
production volumes are assigned to each supply chain. All significant operations 
are included in the analysis such as raw materials, modification processes, 
transport and distribution up to the point of sale, customer use and disposal.
An inventory of the impacts is compiled and interpreted, they are classified into 
the following categories: Global warming potential, acidification potential, 
nutrification potential, ozone depletion potential, non-methane VOC emissions, 
energy consumption and solid waste production. All impacts within each 
category are aggregated and each category is then scaled to an impact per $ Net 
proceeds of sales through dividing by the total net proceeds of sales of Unilever 
world-wide. The impact of the Unilever supply chains is then compared to the 
relative impacts per $ Gross domestic product associated with the world 
economy at large (Unilever, 1998). The draw back of this methodology is that it 
is highly normalised to $ net proceeds from sales and uses average supply chain 
scenarios. After all this data manipulation, it is difficult to imagine how this would 
relate to actual supply chains and therefore the ability to make decisions using 
the Unilever Imprint System. It is a very strong tool for communicating the impact 
of Unilever’s products and could even be used as a tool to measure 
environmental performance of the whole company. Measuring the environmental 
performance of supply chains is only one of the aims of this research project and 
so the Unilever methodology is not entirely suitable for planning purposes.
Probably the most familiar methodology for measuring environmental 
performance is life cycle assessment (LCA) which attempts to quantify and 
assess the environmental burdens associated with different technologies and 
processes (Jackson, 1996). LCA is a technique for organising environmental
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information in a form which can be used to inform technical, commercial and 
strategic decisions. The international body most closely associated with the 
development of LCA has been the Society of Environmental Toxicology and 
Chemistry (SETAC). LCA has its origins in the studies to compare alternative 
approaches to packaging foodstuffs, subsequent developments have generally 
concentrated on applying LCA to assess and improve the environmental 
performance of manufactured products and more recently it has been applied to 
the selection and design of industrial processes (Clift, 1996). LCA offers a 
different order of environmental management allowing the optimisation of the 
whole product life cycle and so preventing a problem being shifted to another 
stage in the life cycle. LCA can be regarded as attempt to reflect ecological 
realities by recognising that the interconnectedness of natural processes and the 
effects companies have on them can only be addressed by being aware of the 
interconnectedness of commerce (Bowen et al, 1997). According to the SETAC 
code of practice, LCA has the following stages which are conducted iteratively:
1 Goal definition - define the system under consideration
• define the product, process or service (i.e. system) under consideration
• identify the purpose of the assessment
• establish a procedure for quality assurance
2 Inventory analysis
• define the system and identify the system boundary
• identify and quantify the energy and raw material inputs associated with each stage of 
the life cycle
• identify and quantify the environmental releases associated with each
• stage of the life cycle
3 Impact assessment
• classification, characterisation and valuation steps (a normalisation step
• may also be included)
• evaluate the contributions of the resource requirements to resource depletion
• evaluate the contributions of the emissions to environmental impacts
• assess the relative importance of environmental burdens and resource demands
• assess the reliability of results and sensitivity to key parameters
4 Improvement assessment
• identify and evaluate the different options for reducing the environmental impacts 
and/or resource requirements
adapted from Consoli et al, 1993
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An international standard (ISO 14040, 1998) for LCA has recently been adopted. 
It uses a similar set of steps though it terms Step 4 as ‘interpretation’ rather than 
improvement assessment.
Currently, the most commonly applied approach to Impact Assessment is the 
Problem Oriented Approach. This classifies and characterises resource 
consumptions and emissions (in stage 3) under the headings of resource 
depletion, pollution and disturbances. The resource depletion categories include: 
abiotic resources, biotic resources and landuse. Pollution categories include: 
global warming, ozone depletion, ecotoxicity, human toxicity, photochemical 
oxidant formation, acidification, eutrophication, radiation, dispersion of heat, 
noise, smell and working conditions. Disturbances include: physical ecosystem 
degradation, landscape degradation and desiccation (Cowell, 1997 adapted from 
Heijungs et al., 1992). The valuation step of stage 3 then attempts to rank the 
importance of each of these burdens. As can be imagined, this is highly 
subjective and changeable depending on the evaluator, the political, social and 
economic climate at the time and the results expected by the organisation 
commissioning the research. Thus, the valuation step of stage 3 is a normative 
rather than a scientifically based process. Rather than being viewed as a 
weakness, its potential to reflect the socio-political climate could be viewed as an 
asset.
LCA has the potential to be very useful tool, but is not yet considered to be of 
great value in commercial decision making. It is expensive due to the data and 
expertise requirements, but that aside, industry does not yet feel comfortable with 
the level of uncertainty that surrounds LCA and its results. These sentiments are 
confirmed by a number of researchers in the field who recognise LCA for both its 
benefits and shortcomings. LCA is extremely information-intensive and therefore 
expensive. It requires a host of information relating to resource depletion, human 
and ecosystem toxicity, substance lifetimes and partition functions, as well as 
dominant atmospheric reactions. No universally accepted procedures exist to 
deal with data gaps and it is unclear how to use proximate information, such as 
toxicity estimates derived from structure-activity relationships. Undesired
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outcomes could result from poor data quality and from failure to keep track of 
uncertainty (Hertwich et al, 1997).
The goal of LCA is the meaningful, overall improvement of a product or materials 
throughout the life cycle. LCA is not capable or sufficient by itself of generating a 
comprehensive environmental assessment of any system. LCA may be most 
useful during the design phase of products. By identifying and avoiding 
significant problems that were previously hidden, major delays from the discovery 
of environmental problems later in the product life cycle can be prevented. 
Beyond product design LCA encounters increasing limitations. Outside materials 
and energy efficiency, LCA will not provide definite, overall answers that many 
users may desire or clear unequivocal answers for some impact categories. This 
significantly limits LCA’s ability to conduct an overall or comprehensive 
assessment and to compare alternatives (Owens, 1997). This view corresponds 
with that found within Xerox itself. Within the lifecycle of a Xerox copier, as shown 
in this study, it is the transportation associated with the servicing that is one of 
the biggest environmental impacts, as the LCA team within Xerox found, LCA is 
not an ideal tool for assessing the impact arising from transport and for 
comparing alternative transport networks (Calkins, 1997 and see Owens, 1997).
2.7 - Research context conclusions
This review has shown that the environment, for a number of reasons, is 
important to industry as a whole and Xerox. Measuring the performance of 
supply chains is also of great importance as the popularly quoted adage, ‘y °u 
can’t manage what you don’t measure’, claims. It has been shown that it is not 
easy to measure a company’s environmental performance and particularly the 
performance of a supply chain operation. The standards that are being 
increasingly taken up by industry do not suit the multi-site nature of supply chain 
operations. Xerox has demonstrated its commitment to the environment and to 
measuring its environmental performance and this is discussed above, however it 
does not yet measure the environmental performance of its supply chain.
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There is no easy solution to evaluating environmental performance. The 
measurement systems in general concentrate too heavily on one aspect of 
environmental performance and that very few of them have been able to 
incorporate ‘softer’ indicators such as social costs and only a few the strategic 
implications of environmental performance. Many of the environmental metrics 
are extremely information intensive, this tends to lead to apathy amongst 
managers trying to develop them and then managers trying to use them. 
Performance measures need to be easily understood and readily applicable. 
Many of the papers reviewed here closely focus in upon transport, but this is not 
the only supply chain function, warehousing and inventory levels can also have 
far reaching impacts upon the environment. The measures presented here are 
often operational in focus, this is probably due to information availability and ease 
of presentation. Environmental performance metrics need to be strategic in 
orientation, able to adapt to changing commercial and cultural situations.
On the other hand, practitioners discussing logistics performance improvement 
are focused only on the reduction of time and cost. This is a short term view and 
is not aimed at reflecting all the costs associated with a system or trying to 
understand them. This is not an improvement from the environmental 
perspective as time restrictions will inevitably encourage companies to use faster 
and less fuel efficient forms of transport. The systems and methods suggested 
above concentrate on the ability of the performance measurement to deal with 
rapidly changing situations, but are mainly focused on financial climate change. 
The authors of the papers reviewed agree that in order to improve logistics 
performance, companies need to reflect stakeholder requirements in their 
metrics. Some authors are also proposing that the only way that supply chains 
will improve their performance is to look at incorporating all costs so that 
functions can be singled out for further investigation.
The review above has also demonstrated that there are no readily transplantable 
methodologies for measuring the environmental performance of the Xerox supply 
chain. The supply chain crosses all functional boundaries of an organisation and 
is the link between the marketing and manufacturing operations. Some have
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mentioned that it is the supply chains of the future that will make or break the 
competitiveness of companies (Christopher, 1992). Therefore a company needs 
to:
• model the environmental impact of its supply chain so that it can measure and 
improve its performance
• create a planning tool so that it can prevent environmental problems 
developing further down the chain
Currently, as this review has shown, there is nothing available to Xerox that 
addresses these issues. A model is required which is able to measure and 
benchmark; that is useful to the business; that is simple, familiar and relates to 
finance and to other metrics; that has modelling capabilities so that planning 
alternatives can be explored and has future applications, and can be readily 
communicated to management.
This research project has constructed an environmental performance 
methodology for the supply chain that complements existing supply chain metrics 
to provide a comprehensive suite of logistics performance measurements. In this 
way Xerox can make decisions regarding logistics strategy that reflect 
stakeholder concerns, not just customer requirements related to delivery and 
quality. A model has been developed which takes a life cycle perspective 
through the whole supply chain and allocates environmental impact data at each 
stage in the life of a product. This means that the company is able to run 
different logistic scenarios through the model and make environmentally informed 
planning decisions. The next chapter details the development and construction of 
this model.
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3.0 - Model construction and results
3.1 - Scoping the supply chain
The previous chapter explained the requirements of a model in order to be able to 
measure the environmental performance and provide planning capability to 
supply chain functions. This chapter narrows the discussion to the Xerox 
integrated supply chain and describes it and the particular scenario which is used 
to construct the model. The different functional elements of the supply chain are 
described, together with their sub processes and the means to collecting and 
attaching environmental information to these sub processes is discussed.
♦ The Xerox Integrated Supply Chain
The Xerox Integrated Supply Chain provides logistics and distribution capability 
from raw materials suppliers through to end customers for Xerox Business Units 
and for third party customers. Working with a network of logistics service 
partners it manages the inward flow of equipment and materials to the 
manufacturing units and distribution hubs and also handles the outward 
distribution of finished products, supplies and spare parts to the marketplace. It 
has an established capability for the return of equipment and materials from the 
market-place for recycling or environmentally responsible disposal. Xerox 
manufactures on a global basis with twenty-one major manufacturing facilities 
located in Europe, North and South America, and in the Far East. These plants 
ship to marketing organisations which are responsible for the customer interface 
for sales and after-sales support. The marketing organisations cover the total 
product array and are geographically organised. Customers in Europe, Middle 
East and Africa are supported by Xerox Ltd, US customers are supported by 
United States Customer Operations, customers in Japan and the Pacific Rim are 
supported by the affiliate company, Fuji Xerox. Within each of these marketing 
organisations are sales, service and distribution groups. The Xerox supply chain
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currently costs the company approximately ten percent of revenue and so 
represents an important part of the company’s activities.
Xerox is, for the most part, a vertically integrated company which directly 
manufactures, sells and services its products. Figure 3.1 below summarises the 
Xerox Integrated Supply Chain and the components in the chain. This is the 
generic supply chain for the majority of Xerox products. Some product’s supply 
chains may look a little different but this is the generic model which is used 
throughout the company to represent the supply chain organisation. The Xerox 
supply chain is divided into three sections: the materials process where 
components and raw materials are provided for the next stage which is the 
manufacturing process, finished goods then enter the logistics process where 
they are delivered to the customer, serviced throughout their working life and 
returned to the manufacturing process for remanufacturing.
The whole supply chain begins with acquire - the purpose of this functional 
element is to provide manufacturing with the raw materials and components. 
These will either come from suppliers of virgin materials from new parts or in the 
form of remanufactured parts from the reprocessing activity. The next stage on is 
the assembly process, here raw materials and components are fashioned into 
finished goods often to customer order. The finished goods are then delivered to 
the customer via a distribution network and install process.
The working life of a machine is generally not fixed as it will depend on the 
continuing ‘fitness for purpose’ of that machine to the customer’s requirements. 
During its life time with a customer, a machine will generally be serviced by Xerox 
and may use Xerox supplies such as paper and toner cartridges. After the 
customer has finished with the machine, Xerox will retrieve it in order to return it 
to manufacturing for reprocessing.
The length of time it has been with a customer will determine the amount of 
reprocessing that the machine will require or that is required by Xerox. If the 
machine has been in the field for many years, it may be that its components are
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no longer able to be used and so the machine will be broken down into different 
material types for recycling. If the machine has only been with a customer for a 
matter of months then it may not go all the way back to the manufacturing site, 
but be cleaned off locally and sent back out into the field. So asset stripping 
covers a variety of activities which may happen in a number of locations. 
Components and materials which are required by manufacturing re-enter the 
supply chain through reprocessing to acquire. This cyclical process is shown by 
Figure 3.1.
Figure 3.1 - The Xerox Integrated Supply Chain.
Assembly
Logistics
Process
Materials
Process
Manufacturing
Process
3.2 - Defining the model boundaries
It was decided to take a sensible engineering approach to modelling the 
environmental impacts. First, one product was chosen to sample the impacts 
generated by the supply chain, as if this could be carried out successfully then it 
would be possible to expand this methodology to include other products and 
supplies in the future. By these means it is still possible to view horizontally 
across the whole supply chain while reducing the amount of information required. 
Criticisms have been made against simplifying complex organisations to this level 
and treating supply chains as single product manufacturers and shippers, but 
with a portfolio of several thousand machines and several hundred thousand 
associated ancillary goods in the Xerox supply chain, it was decided to use a
45
N-/1 IUI W I I IVUUI Wwl Iwll UwllVl I UIIU I UUUI kW
product called Hodaka as a case study product which typifies the way in which 
the Xerox supply chain is developing into the future.
Hodaka was chosen in particular because at the time (January 1997) it was being 
launched across Europe and the support services for it were under development. 
This meant that the information about the product was readily available and 
‘fresh’ in people’s minds. This was an important consideration as it can take a 
disproportionate length of time to retrieve information from archives. Hodaka was 
also the first of the new digital products to be launched and therefore acts as a 
‘front runner’ for all future digital products. As the services for this product were 
being developed it was an ideal time to insert environmental considerations into 
the decision making process, rather than attempting to do it in retrospect after the 
design phase is complete.
The team working on the Hodaka project identified that the metrics currently 
available to them did not provide the sort of decision making drivers that they 
wanted. The environment, in particular, was identified as an area of poor 
understanding and representation in overall metrics. Hodaka is part of the new 
generation of digital photocopiers and multi function devices that Xerox are 
moving into. At its most basic level, it is a black and white copier, but it offers 
improved functioning over light lens, analogue copiers. The digital scanning 
capability gives faster production of copies, a shorter paper path reducing the 
likelihood of jams and the ability to upgrade with fax, scanning, printing and 
networked modes. The machine forms part of the ‘convenience’ (able to copy 
between fifteen and thirty pages per minute) copier product portfolio of the Office 
Document Product Group (ODPG) and was launched in April 1997. It uses the 
digital engineering skills developed for the Document Centre Systems 220. The 
basic configuration of Hodaka is shown in Figure 3.2 below.
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Figure 3.2 Hodaka -  showing some features of the machine
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To the basic configuration shown above, the following options can be added: 
convenience stapler/work surface, fax, finisher (stacker/stapler), high capacity 
feeder and two additional paper trays. The system can also be fully networked 
and is compatible with all common network systems currently in use. The 
software used with Hodaka enables the customer to interface with the machine 
from their desks, eliminating unnecessary steps in document production when 
sending a fax for example.
The Customer Replaceable Unit (CRU) contains the toner, photoreceptor, 
developer housing and the xerographic charging and cleaning components and is 
easily replaced by the customer without the need for a service engineer. The 
cartridges are expected to last for approximately twenty thousand copies with an 
average paper coverage (five percent of paper is covered with printing). After use 
they are intended to be returned for remanufacturing and reuse.
3.2.1 - Hodaka marketing background
The aim of the Hodaka digital copier is to deliver benchmark customer 
satisfaction, increase market share, accelerate market acceptance of digital
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products and prepare the current Xerox copier base with the ability of future 
upgrades to printing, scanning and faxing modes. Hodaka is available in two 
copy per minute speeds - twenty and thirty. The bigger ‘brother’ in this 
convenience copier/multi function device family is the ‘Lakes programme’ which 
increases copies per minute up to forty and sixty-five. Both of these families of 
machines are able to be configured to exact customer requirements and are 
intended to ‘grow’ with the customer’s needs.
The aim of the marketing strategy behind Hodaka is to use the standalone copier 
as an entry level product in offices where computers and networks are used and 
then utilise this platform to provide upgrades into the printing, scanning and 
faxing facilities. To this end, software functionality will be improved to capture 
increased page volume, this will differentiate the product from competitors and 
should create demand-pull from the customer. The market place in general is 
driven by an increasing need for integrated, multifunction devices. Xerox’ 
competitors have already moved into these type of devices, but they are tactical 
and not supported by long term strategy in the form of modular upgrades. This 
market is highly competitive with over ten major companies vying for business. 
Hodaka combines the dependability of a laser print engine with the full 
functionality of a copier, many of the other products are not able to do this.
Hodaka is built at the UK manufacturing plant, Mitcheldean. It is built to a 
standard modular level and then modules are assembled according to each 
specific customer order in terms of capabilities required (fax, print, speed options 
etc.) and country of destination (nationalisation). The module integration process 
is ‘build to order’, to minimise order-to-install times and reduce customer 
response times. The model uses the planned machine population for 1997 in the 
UK -  two thousand two hundred machines. This constitutes twenty-two percent 
of the total machines being manufactured in 1997 (the remainder are destined for 
the rest of Europe).
This section has described the Xerox Integrated Supply Chain as it is currently 
understood by the company. It has also explained the rationale for choosing one
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product to test out the methodology and has described the product chosen. This 
background is invaluable for adding context to the next section which describes 
the supply chain which is specific to Hodaka.
3.3 -The Hodaka supply chain
This section describes in greater detail each functional element within the supply 
chain which supports Hodaka. The supply chain is based on that shown in Figure 
3.1.
3.3.1 - Acquire
Parts, whether new or reprocessed come from quality certified suppliers either 
internal or external. All parts are process qualified or certified. At this stage, time 
is very important in order to reduce the quantity of stock held and improve on- 
time deliveries. Figure 3.3 shows the sub processes of acquire.
The sub processes of acquire include:
• Electronic Manufacturing Centre (EMC) suppliers
• Central Commodity Supply
• Inbound Logistics to Mitcheldean
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Figure 3.3
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♦ EMC suppliers
The EMC receives seventy consignments of supplies per week. These arrive as 
part of a ‘round robin’ delivery by a carrier such as UPS. Forty-nine of these 
consignments are from UK suppliers, mainly in the Midlands at an average 
distance of one hundred and fifty miles. Three such consignments will have 
flown in from the USA and then be delivered by truck to Mitcheldean and 
eighteen consignments come from suppliers in Germany, average journey 
distance of seven hundred miles.
♦ Central Commodity Supply
The Central Commodity Management function manages all transactions with 
suppliers to the main assembly processes at Mitcheldean. Within the Xerox 
accounting system the main types of components in a machine are classified as 
metals, plastics and electronics.
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♦ Inbound Logistics to Mitcheldean
The components recorded by Central Commodity Supply are delivered to 
Mitcheldean. The plant receives twenty-four thirty-two tonne trucks every day. 
Of these twenty-four vehicles, seven travel from the UK national warehouse in 
North London, nine will have come by ship from the Far East, six from the 
European Logistics Centre (ELC) in Holland and one via air freight (and then from 
Heathrow).
3.3.2 - Assembly
Hodaka is assembled differently from other Xerox products. The machines are 
built to a modular level, each module being quality tested using failure mode 
effects analysis (FMEA). All processes involved in building the modules are 
certified. Customer orders are directly fed into the assembly stage of the 
process. These build processes have been implemented to allow future 
decentralisation of the final configuration, implying even faster response times as 
the machines are customised much closer to the final customer. Labour flexibility 
is very important at this stage so that staff working on Hodaka are able to 
respond rapidly to any order which arises. Figure 3.4 shows the sub processes of 
assembly.
Figure 3.4
BUILDING 1
main assembly lines
BUILDING 4
electronics assembly
REST OF PLANT
support services 
e.g. management
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Assembly includes the energy requirements of certain buildings at the UK 
manufacturing plant. Building One contains the main assembly lines for Hodaka, 
Building Four contains the Electronics Manufacturing Centre assembly lines. It 
was also considered that the rest of the site should be included as support 
services such as the office buildings which house management, fork lift truck 
charging and component manufacture. There is no warehousing with Hodaka as 
each machine is configured to customer order in Building One.
3.3.3 - Distribute
Mitcheldean distributes fully configured machines directly to the UK warehouse at 
Radlett for the UK market and to the European Logistics Centre in Holland for the 
rest of Europe as shown by Figure 3.5. The time from the order is generated to 
the machine being installed is three to ten days depending on the location of the 
customer. The packaging used is the reusable steel tote system developed by 
Xerox for most of Europe or wooden pallets to the Middle East, Africa and 
Eastern Europe where return rates on the reusable pallets are not guaranteed. 
Delivery processes have been improved to increase load planning efficiency and 
eliminate in transit damage.
Figure 3.5
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Machines destined for the UK market are shipped direct to the UK national 
warehouse at Radlett. One thirty-two tonne truck leaves Mitcheldean every day 
bound for Radlett. Packaging has been placed in this part of supply chain 
although it could easily be placed with assembly as the machine is packed at the 
end of the assembly line. There are currently three components to Hodaka 
packaging. The machine is placed on a steel tote or pallet, the average mass of 
which is forty-four kilogrammes. The totes have been designed to be completely 
reusable and as such the corresponding energy consumption associated with 
making forty-four kg of steel tote will reduce over time. As it is yet uncertain how 
many times a steel tote will be reused and for ease of calculation, in this research 
project it is being treated as a one way package only. An internal foam fitment is 
added to support the document handler and prevent crushing, this is a temporary 
measure only and will be replaced with a reusable cardboard block. Finally the 
machine is shrink-wrapped using polyethylene film to keep it clean and dust free.
3.3.4 - Install
The Hodaka Business Channel intends to achieve one hundred percent faultless 
installs through local turn around processes and centred accountability lines. 
This is achieved by working in closer partnership with engineering teams at the 
actual install and through more rigorous statistical process control before the 
machine leaves the manufacturing site. This reduces the amount of time that an 
engineer spends at the customer premises and the number of return calls made 
within the first month.
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The sub-processes of install are:
♦ Warehousing
♦ Cross Dock Delivery
♦ Local Delivery
♦ Training
♦ Operator Manuals
and are shown in Figure 3.6
The machines are stored for a short period of time in the national warehouse. 
From the national warehouse, the machines travel overnight to one of five cross 
dock warehouses in the UK. Once unloaded at the cross dock warehouse, the 
machines are delivered locally to the customer. When the machine arrives at the 
customer’s premises it will be installed by the delivery team who will remove all 
the packaging. On the same day, user training will be delivered by a 
representative from the local sales office. Also included in this part of the 
machine’s life cycle are the operator manuals. For Hodaka, these consist of two 
paperback, wire spiral bound reference books for problem solving. Nokia Mobile 
Phones have carried out a Life Cycle Analysis study on their user manuals which
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were similar construction and weight, it is their data which is used in this model 
(see Appendix 1).
3.3.5 - Working life
Hodaka has been designed to reduce faults occurring during its lifetime with the 
customer. The shorter paper path results in less jams, the customer replaceable 
unit (CRU) as detailed previously contains many of the parts in the product that 
have shorter lifespans, by replacing them all together the likelihood of associated 
faults developing is reduced. This increases customer satisfaction with the 
machine, i.e. there is very little downtime. A new process has been developed to 
deliver, replace and return the CRU to Xerox for remanufacturing. The 
customers replace the CRU themselves and the engineer collects on the next 
service call or bulk collections can be made. The CRU has a high residual value 
and so the engineer is encouraged to collect the CRU for return. Service support 
is predominantly through the Customer Support Centre which details an engineer
to call within two hours for either a software or hardware problem. By using direct
engineer replenishment (parts are delivered direct to the engineer from the 
European Logistic Centre) with some second level local parts support, the 
number of broken calls are reduced. This negates the need for return calls by the 
engineer.
There are several sub processes associated with the working life of the machine, 
these are shown in Figure 3.7
♦ Use
♦ Servicing
♦ Spares delivery
♦ Consumables use
♦ Consumables delivery
♦ Consumables manufacture
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Figure 3.7
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The use phase of the machine includes the electricity used by the machine when 
it is working or powered down.
Servicing is quite a complex operation as there are several different types of 
service engineer calls. There are a number of calls which are scheduled and a 
number of calls which are unscheduled, from the service plan for Hodaka, these 
stand at sixty-three calls per million copies that the machine makes. This is a 
relatively high number as the machine is new, the service engineers are learning 
about the machine as is the customer. This number is expected to reduce to 
around forty over the next two years. The average distance travelled for an 
engineer in the UK is twenty-five miles to the customer’s premises. This also is 
expected to reduce over the next few years as more service engineers become 
trained to service Hodaka. Engineers work out of vans in which they maintain a 
certain amount of spare parts. They will, on average, replenish these spare parts 
every week. The delivery of spare parts is included with the delivery data for 
consumables (see below).
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Another servicing factor is a situation called broken call rate. This occurs when 
the service engineer makes a call to a machine and finds that the spare part 
required is not in the van. This means that the engineer will travel to the 
replenishment point and back to the customer to correct the fault with the 
machine. On the service launch plan for Hodaka these are calculated at six 
broken calls per million copies. This approximately equates to one such call per 
machine every two years. If the service engineer is unable to fix the machine, the 
national technical specialist is called. Most of the problems are able to be 
addressed by telephone, but the technical specialist will make two calls per 
month of approximately sevety-five miles to the Hodaka field population in the 
UK.
Hodaka also uses consumables in its working life. This is a Xerox term which 
includes items such as paper, toner, toner cartridges, fuser rolls and 
photoreceptors. Many of these will be fitted by the service engineer, but some, 
such as the paper and the toner will be replenished by the customer. As 
mentioned above the planned average copy volume per month is seven thousand 
copies per machine. This equates to fourteen reams of paper used per month. 
The delivery of paper is included in the calculations for the delivery of toner 
cartridges as a pragmatic approach to data collection is required for this model to 
be acceptable in a commercial context. Toner cartridges for Hodaka are 
manufactured in the Dutch manufacturing plant (Venray). The toner cartridge 
factory there will use twenty-five percent of its production capacity for Hodaka 
cartridges and will manufacture four hundred and fifty thousand cartridges in 
1997. Each machine is expected to use three toner cartridges per year. The 
toner cartridges are shipped from Holland to the UK national warehouse in bulk 
and are then delivered on customer request to the customer by a third party 
logistics provider.
3.3.6 - Remove & return
Machines which have reached the end of their useful life to the customer are 
removed by the business unit engineering teams. As Figure 3.8 shows, the 
machine is loaded onto a returnable pallet and returned to Mitcheldean, either
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directly or via the European Logistic Centre, for remanufacturing,, Xerox expects 
to retrieve the majority of machines placed in the field, but it is difficult at this 
early stage to predict when and in what quantities machines will start returning. 
This is especially the case with Hodaka as it is intended to be upgraded in the 
field thus extending its life with the customer.
Figure 3.8
mmrnm as, m ^0 ^^ . %
t
PICK UP FROM 
CUSTOMER
RETURN FROM 
CROSS DOCK 
WAREHOUSE
m
The scenario described in section 3.3.5 for the working life of the machine may 
continue for several years depending on customer requirements. Once the 
customer has finished with the machine, Xerox will remove it for asset recovery. 
For the purposes of this model, this part of the life cycle has been factored in as 
reverse logistics. It is returned the same way that it was delivered. This is 
generally the case, but it may be a slower return journey than outward journey 
and some old machines may return directly to Mitcheldean and not via the UK 
national warehouse. There may also be some extra packaging involved in this 
return journey, but as yet this information is not available.
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3.3.7 - Asset recovery operations
The Asset Recovery Organisation uses existing processes and logistic 
configurations (networks) to recover Hodaka from the field. Hodaka has been 
designed for disassembly and in a modular family. Modules are separated and 
remanufactured ready for re-entry into the acquire process of the life cycle. 
Figure 3.9 shows the stages within asset strip.
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Asset Recovery Operations (ARO) for Hodaka are carried out at Mitcheldean, the 
UK manufacturing plant. Old machines are returned from the field and classified 
according to the amount of rework required. As Hodaka is a new machine, it is 
expected that very little rework will be required before they can be sent back out 
into the field. Hodaka is planned to take up very little of ARO’s overall capacity 
and so will only require minimum reprocessing before it is ready to put back into a 
customer’s premises again.
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3.3.8 - Summary
This section has described in detail the supply chain which supports Hodaka. 
Parts are acquired from new sources or from remanufacturing (ARO). The 
machines are assembled at Mitcheldean and then sent via distribution networks 
to the UK national warehouse at Radlett. From there the individually customised 
machines are installed into customer’s premises via local delivery and install 
teams. The working life of the machine may last up to five years in its current 
state during which time i f  will be serviced by Xerox engineers and use Xerox 
cartridges and paper. After the customer has finished with the machine it is 
returned via the same route it arrived and delivered to the asset recovery 
operations at Mitcheldean for upgrading or asset stripping. This is the current 
supply chain as used by Xerox in the UK for Hodaka. The next section explains 
how environmental data was attached to this supply chain model.
3.4 - Indicators
This section explains the reasons behind choosing to portray the environmental 
impact of the Hodaka supply chain using indicators. Three environmental 
indicators - energy consumption, pollutants emitted and materials intensity were 
chosen and are described here. Indicators are readily used by all organisations 
to show environmental impacts, it is easy to have as many indicators as there are 
environmental impacts. Therefore, for the purposes of testing the methodology, 
the number of indicators has been restricted to three.
The definition of an indicator is ‘a measurement which can be used reliably as a 
signal to specify the current state or monitor change of factors having an impact 
(on sustainable development)’. This definition was coined by the UK Round 
Table on Sustainable Development in their recent report, ‘Getting the best out of 
indicators’ (1997). The British Government is also interested in environmental 
indicators as statements from the DETR (Department of the Environment, 
Transport and the Regions) have indicated (Ghazi, 1998). Gross domestic 
product is no longer seen as the only measure of national welfare as people
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become aware that quality of life is not just about financial well-being, but also 
about being able to enjoy the countryside for example. The Government intends 
to use indicators strategically, to convey messages and develop, implement and 
monitor policy. A readily accessible or understandable indicator is ideal for this 
task. Indicators should have value and be appropriate depending on the 
audience and the use they are intended for. Within Xerox, the environmental 
indicators chosen - energy consumption, air pollution, materials intensity - are to 
be used by supply chain managers to influence policy and decision making. 
They are not intended for external communication purposes, but may be able to 
be used in this way, this is not discussed in this research project.
The Government’s sustainable development indicators are intended to reflect the 
state of the environment from a social perspective. Their list covers the 
consumption of non-renewable resources, the pollution of air, land and water, 
social issues, biodiversity and landscape and cultural resources. Xerox could 
consider extending its environmental indicators to include these in the future if 
required. Indicators do not explain why a trend is occurring, the raw data which 
contributes towards an indicator must be studied to ascertain why a trend is 
occurring. Indicators are simplifications and relate only to those areas which can 
be readily quantified and aggregated. They do provide a quick, easy and 
comparative way of understanding the impact that a system has on the 
environment and it is for this reason that they are used in this research project. 
Xerox uses many indicators of performance, not solely related to the 
environment, to influence policy development, to explore the consequences of 
policy implementation, to search for better solutions and to gain more information 
in all areas of its business ranging from share price to customer satisfaction.
It would be inappropriate to sum the three environmental indicators discussed 
below as this would necessitate value judgements being made. Currently it is 
very difficult for companies to state whether energy consumption is more 
important than global warming or indeed whether they are of equal importance. 
These sorts of judgements can only be made by society and it is this that some 
social scientists are trying to grapple with. Also each indicator is measured in
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different units and these are impossible to add together. Recently the 
Department of the Environment, Transport and the Regions admitted that its task 
to condense one hundred and twenty environmental indicators into a useful 
handful was ‘quasi-scientific’ and there was a danger that major impacts may be 
missed out (Ghazi, 1998). Therefore the amalgamation of any set of indicators 
can only be carried out by those whom are affected by the results as they are the 
only people who can make suitable judgements regarding their own interpretation 
of the results.
3.4.1 - Suitable indicators
The number of indicators in this model has been restricted to a few to simplify the 
interpretation of the environmental data in a new business area and enable an 
immediate impact to be made. Should the company wish to expand the 
selection of indicators that it uses or change any, there are other indicators which 
would be suitable for use in such a decision making model. Water consumption 
would be another input indicator showing how the supply chain uses the water it 
consumes, this would be related to the materials intensity indicator. Transport 
use, including the types of transport used, is related both to energy consumed 
and to materials intensity. A land use indicator would show how well the 
company is using the land that it occupies and would also include road networks 
and warehousing space. An indicator of biodiversity would demonstrate the 
supply chain’s impact on wildlife and habitats, on plants and the aquatic 
environment. More complexly, the supply chain could look at its effects on 
society in terms of local effects such as noise and disturbance, or traffic 
congestion, on quality of life and health. The supply chain could model its 
impacts using any of the above indicators, it is only a matter of collecting the 
relevant data and making an evaluation. With some of these indicators this is a 
developing area and, particularly for those concerned with society, need a great 
deal of consultation before meaningful measurements can be made. It may not 
be long before those constructs are designed and organisations such as the 
Xerox supply chain, whether by law or by competitive advantage, are required to 
report their impact on society. The indicators used in this model are a precursor
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to the, as yet esoteric, measurements to come and could be easily incorporated 
in the future.
3.4.2 - The indicators chosen
From figure 3.10 it can be seen that three environmental indicators have been
chosen to represent all the environmental impacts arising from the operation of
the Hodaka supply chain. Indicators are necessary for a number of reasons.
♦ To list all the environmental impacts of the supply chain would be a very 
lengthy task and so not commercially realistic
♦ Specialist knowledge would be required to interpret the list of impacts 
meaning that future users of the model would have to be environmental 
specialists
♦ Many value judgements would have to be made regarding the different 
impacts
♦ It would be difficult to show trends and improvements over time with many 
impacts
♦ Decision making on a large number of impact results would take a 
disproportionate length of time.
Figure 3.10
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For the reasons listed above, the three environmental indicators were chosen. 
The actual choice of indicators was limited in the following ways:
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♦ Indicators must be common to all supply chain functional elements
♦ Data must be readily available without undue investment of time or capital
♦ Indicators must be appropriate to those intending to use and present them
♦ They should readily accessible to those without specialist knowledge
♦ They should relate to other business indicators and measurements
♦ They should provide a complete picture of the environmental impacts arising 
from a supply chain (i.e. input and output measures are required - see Figure 
3.10)
With these points in mind, the following indicators were chosen to represent the 
environmental impact of the Hodaka supply chain.
ENERGY
This is an easily understandable indicator of consumption or input into a system. 
Energy consumption is very closely measured in its various forms throughout the 
supply chain. The price of a transport service includes the energy used in terms 
of fuel consumption, a manufacturing building is constantly monitoring its energy 
consumption in order to achieve cost reduction, and as such the data relating to 
energy is readily available. Absolute energy consumption is a more accurate 
measure of energy use than energy intensity per unit of service as this does not 
allow for a measure of efficiency unless systems are directly compared. Energy 
consumption reduction has an instant cost saving effect and so is attractive from 
a company perspective. Energy is also a very good indicator of environmental 
impact as it is the cause of many emissions, health effects, raw materials 
consumption, infrastructure requirements and transport movements to name a 
few. For the purposes of this research it was necessary to standardise the unit of 
energy across all supply chain functions and therefore all forms of energy 
consumer from fuel to electricity were converted into megajoules (MJ).
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MATERIALS INTENSITY PER UNIT OF SERVICE (MIPS)
MIPS is another input measure of environmental impact. It is a measure of the 
total mass flow caused by the consumption of a service-unit (in this case the 
ability to make copies and print for one year). The material input should include 
any material that is moved by the production process: ores and overburdens in 
mining, cooling water and combustion air of thermal power plants (Hertwich et al, 
1997). This is a relatively new method championed by the Wuppertal Institute 
(Bringezu, 1993) and data relating to the amount of cooling water that a power 
plant uses in the generation of a MJ of electricity is very limited. Therefore, in 
order to remain consistent with the other indicators used, this study only extends 
its boundaries as far as first level suppliers e.g. the amount of pressed steel 
frames sent to Xerox. The total mass is aggregated in kilograms over the life 
cycle of a product and relayed to the service provided by the product.
The rationale for developing such a tool is that the monetary internalisation of 
environmental costs will take a long time to achieve and in the meantime the 
environment is not being reflected in market prices (Bringezu, 1993). Therefore 
the price of goods and services is not priced according to the environmental 
damage that they cause and as they will continue to be consumed at ever- 
increasing rates, they will continue to inflict large amounts of damage on the 
environment. In particular, Western economies use too many resources in the 
production of their goods and services and this is not sustainable. A ten fold 
decrease in the amount of materials is needed to be able to approach sustainable 
development. It is proposed that it is possible to provide the same unit of service 
but at lower material intensities. Such a rationale encourages the recycling and 
reuse of materials and as such was interesting from Xerox’ perspective as it can 
show concrete proof of a benefit to the environment from remanufacturing.
Materials intensity is defined as the ‘sum of all environmental materials including 
energy carriers, needed to produce, operate, maintain and correctly dispose of a 
good, usually expressed in mass per product’. Boundaries are drawn around the 
system and kilograms of materials used are summed. The amount of displaced
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materials is also included, but has not been included in the Xerox model due to a 
lack of data. Bringezu (1993) in particular, suggests that looking at just the 
output side of environmental impact, i.e. pollution produced, does not give the 
complete picture and that it is important to also recognise the environmental 
impact that is caused by the use of resources and materials to produce and 
maintain a good or service. Also called resource intensity analysis (RIA), 
materials intensity enables a company to see which primary materials are 
consumed to largest extent by a service and which processes cause the highest 
consumption of those materials. As stated ‘it is difficult to solve the output 
problems of industrialised countries by shutting output locks while leaving the 
input doors open’.
MIPS is attractive from Xerox’ perspective due to the history of asset recovery 
that the company has (see Chapter 2). Applied successfully, it would provide 
Xerox with a fairly unique measure of environmental performance before its many 
competitors capitalise on their asset recovery or takeback programmes. MIPS 
aims to show that it is possible to reduce the amount of materials put into a 
system and still get the same service. Thus, the material intensity of those 
materials going into the system would increase. This idea is echoed by Jackson 
(1996) in his argument for increasing material efficiency where materials enter a 
cascade of use. New products made from virgin materials enter the system at 
the top of the cascade. For a while these products may be reused directly with 
minimal additional inputs of energy and materials (the servicing of a copier for 
example). But at a certain point , they will require substantial repair and 
maintenance. Following this repair process, products may re-enter the system at 
a lower point in the cascade (office paper becomes newspaper for example) - 
perhaps corresponding to a lower economic value. MIPS should promote long 
service-lives, remanufacturing and recycling and the careful use of materials. 
The analysis is shallow, but very broad - encompassing inputs to the entire life 
cycle. MIPS implicitly assumes that each mass throughout is equally 
undesirable. If used for management optimisation, MIPS would invariably lead to 
perverse outcomes, such as the replacement of a non-toxic high-volume input 
with a highly toxic low-volume input, thereby increasing the burden on the
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environment (Hertwich et al, 1997). It is for this reason that a selection of 
indicators is being used in this management model. MIPS, in conjunction with an 
indicator for pollution, will not result in the perverse outcomes mentioned above.
Although less readily accessible than the other indicators, MIPS was chosen 
because of its suitability for the Xerox supply chain. The concept may be 
unfamiliar to non-specialists, but the unit of measure is simple - it is measured in 
kilograms per unit of service. In this case that could be calculated for a whole 
years copying and printing or even per copy made if required. This fits well with 
other measures used within the supply chain relating to cost and service levels.
POLLUTANTS EMITTED
As a company with manufacturing sites accredited to the international 
environmental management standard, ISO 14000, and the European 
environmental management standard EMAS (Eco-Management and Audit 
Scheme), Xerox have a duty to declare their emissions to the environment. 
Certain manufacturing processes are listed under the Environment Act 1990 and 
there is an additional duty to audit and report emissions to the local authority or 
the Environment Agency. Xerox, as an open company, has been declaring its 
emissions to the environment for a number of years. To that end, many of the 
pollutants listed in this indicator were already being measured. Only air 
pollutants are listed in this indicator set as these are by far the most significant 
forms of pollution arising from the supply chain. There is a certain amount of 
effluent discharged to water from the manufacturing site and there will be an 
amount of pollution in the runoff from roads attributable to the transport used at 
various stages in the supply chain, but when compared to air pollutants emitted 
this is negligible.
There is still a fairly long list of air pollutants emitted from the various stages of 
the supply chain, which would require specialist knowledge to interpret and 
analyse the information. As the intended ‘audience’ of this model is the 
managers who plan the supply chain, it was necessary to simplify the list. ICI Pic
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developed their Environmental Burden approach for exactly this purpose (ICI, 
1997). It assesses the potential harm to people and the environment from 
chemical emissions and provides a way of ranking the potential environmental 
impact of chemical emissions. It provides a more meaningful picture of 
environmental impact rather than merely reporting the weights of any substances 
discharged. It has been relatively simple to use this ICI methodology with Xerox 
data.
The following three steps were taken: the air emissions were categorised
according to the impact that they have upon the environment - in Xerox’ case 
either global warming potential (in tonnes of carbon dioxide equivalent) or 
atmospheric acidification (acid rain) potential (in tonnes of sulphur dioxide 
equivalent) using lists published by ICI. Secondly a factor reflecting the potency 
(or ability) to exert that impact on the environment was assigned to each 
chemical emission (see ICI, 1997 for the data sources for the data sources 
related to these potency factors). For example: Nitrous oxide which arises from 
vehicle emissions is a more potent greenhouse gas than carbon monoxide. The 
potency factor for Nitrous oxide is three hundred and ten, for carbon monoxide it 
is three. It is then matter of recording the weight of chemical emitted and 
multiplying it by its potency factor.
E.g.
For global warming
10 tonnes of Carbon monoxide x 3 (potency factor) = 30 tonnes of carbon dioxide 
equivalent which is the reference substance for global warming potential. 
Whereas,
10 tonnes of Nitrous oxide x 310 (potency factor) = 3100 tonnes of carbon dioxide 
equivalent.
For atmospheric acidification
5 tonnes of hydrogen fluoride x 1.6 (potency factor) = 8 tonnes of suplhur dioxide 
equivalent which is the reference substance for atmospheric acidification.
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By doing this for all the chemicals emitted from the supply chain it is possible to 
sum the emissions by functional unit in a way which is not otherwise possible. It 
indicates which emissions are more important to reduce and requires less 
specialist knowledge to interpret as the results can be presented very simply. 
The ICI approach does not take into account local effects such as noise or odour 
as it is much more difficult to assign a potency factor for quality of life. The ability 
to do this would be an advantage to Xerox as some of its plants are situated in 
built-up areas. There are some chemical air emissions which Xerox produces 
which are not listed under the ICI approach, this means that they cannot be 
included if this methodology is used. This includes local ozone emission from the 
machine, particulates and PM10s produced by freight trucks and manufacturing. 
Particulate emissions such as PM10s are also omitted due to the lack of scientific 
evidence of their impact, therefore they do not form part of the Environmental 
Burden approach. They are recorded in this research, but as yet do not form part 
of the indicator on pollution. It is possible that they could be incorporated easily 
should this be deemed necessary in the future. Also, the user must have a good 
level of technical understanding regarding the issues of global warming and 
atmospheric acidification, as not everyone will be familiar with this terminology.
3.5 - Results
The previous sections in this chapter have described the indicators used and the 
data collected from the different sub-processes of the supply chain’s functional 
elements. Appendix 1 gives a complete picture of where the data comes from 
and how the results are calculated. The next section describes the results in 
detail and gives some comparative studies to put these results into context.
3.5.1 - Functional unit
It is important that all the environmental indicators are compared for the same 
unit of service. This is similar to the LCA method of mathematically normalising 
the complete raw energy and mass data sets to a functional unit so that different
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options can be compared. Examples of functional units are a thousand, one litre 
beverage bottles or the paint required to cover two hundred square metres. The 
functional unit results in a relative comparison, so the LCA does not provide an 
estimate of the absolute mass of releases (Owens, 1997). In the life cycle 
assessment of another Xerox product (a small copier) the functional unit was 
established as the number of copies that the product was designed to make in its 
life time. This is an older product and is only designed for one purpose - to make 
copies, this is not the case for Hodaka. In order to establish a functional unit for 
Hodaka, a number of assumptions are made. It is difficult to predict the lifetime 
of a Hodaka machine as it is designed to be upgradeable within a customer’s 
premises, five years is taken as the lifetime after which it is returned to be 
remanufactured. This, in effect, ‘discounts’ the environmental impact from 
acquire, assembly; distribute and install over five years. In this way all five years’ 
of life are equal and the functional unit can be set as one year’s service from one 
Hodaka machine. This is particularly important when comparing the different 
environmental impacts described by the indicators and when comparing future 
families of products at Xerox.
3.5.2 - Direct/transport/other
When the results were first being generated, for each environmental indicator, all 
the data was combined within each supply chain element. It was decided that 
this ‘hid’ the actual cause of the pollution. For this reason, the environmental 
impact of each supply chain element is divided into the impact caused by direct 
consumption or production, transport related consumption or production and 
‘other’ consumption or production. In this way it is possible to see the cause of 
the pollution or the consumer of energy within a supply chain element.
For example:
In the install element, the sub-processes fit into the direct, transport and other 
categories as follows:
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♦ The environmental impact arising from warehouse consumption of energy 
(and subsequent production of pollution) is a direct cause of environmental 
impact.
♦ The environmental impact generated from all the transport elements in ‘install’ 
are grouped together under transport. This includes the journey from Radlett 
to the cross-dock warehouse, the local delivery round and the training journey 
which is made from the local sales office.
♦ The environmental impact arising from the production of the operator manuals 
is classified as other.
Table 3.1 below summaries where the sub-processes of each supply chain
element are categorised.
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Table 3.1
SC ELEMENT DIRECT TRANSPORT OTHER
Acquire materials
manufacture in 
Central Commodity 
Supply
All transport elements in 
the delivery of EMC 
components and main 
assembly line 
components
none
Assembly The energy supply 
to buildings 1, 4 
and the rest of the 
site
none none
Distribution The metal and 
plastic packaging
Transport elements from 
manufacturing site to 
Radlett
none
Install Warehouse energy 
consumption and 
subsequent 
pollution
All transport elements 
from Radlett to cross 
dock warehouse, local 
delivery and training 
journey from local sales 
office.
Operator
manuals
Working Life Electricity used by 
the machine itself 
and subsequent 
pollution
Transport elements from 
the delivery of spare 
parts, any servicing 
journeys made by 
engineers, delivery of 
paper and toner 
cartridges
The
manufacture of 
paper and toner 
cartridges
Remove/Return none Transport involved in 
removing the machine 
from the customer’s 
premises and returning it 
to the manufacturing 
plant.
none
ARO Energy used by 
Buildings 12 and 
13. Paint and 
cleaning fluid are 
also included here.
Transport involved in the 
delivery of the paint and 
the cleaning fluid.
none
When the results were first being generated it was decided that they should be 
divided into these three categories in order to make the results more transparent 
and easier to apply to the business case. For example, the supply chain 
organisation cannot affect the electricity consumed and the subsequent pollution 
produced by the machine during its working life, however they can influence the
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delivery of spare parts to reduce environmental impact. In distribute for example, 
the supply chain organisation can alter its transport element to mitigate 
environmental impact, but can only encourage the packaging engineers to use 
less energy intensive plastic packaging. In this way, the results become easier to 
use in order to influence decisions and reduce environmental impact.
3.5.3 - Discussion of results
This section discusses the results in greater detail. The results are presented 
separately by indicator as these cannot be combined to give one overall result.
ENERGY
Energy data was collected following the templates set out above in previous 
sections. Each functional element of the supply chain was visited and data was 
collected using the sub process described above as a guide. In this way, a total 
is able to be arrived at for each supply chain element. The tables below 
summarise the data from each of the sub processes in the supply chain element. 
Greater detail on how these figures were derived is presented in Appendix 1. The 
total amouunts presented in the tables are then summarised by graphs such as 
figure 3.11. The tables are included here for clarity.
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ACQUIRE 
SUB PROCESSES
TOTALS
MJ
EMC SUPPLIERS
70 x 7.5t/week from suppliers in Germany, UK and USA 1877717
CENTRAL COMMODITY SUPPLY
metal, plastic, electronics, glass 27282781
INBOUND LOGISTICS TO MITCH
24 x 32 t/day from UK, Far East, Venray, USA 9653117
TOTAL 38813615
DISTRIBUTION 
SUB - PROCESSES
TOTALS
MJ
TRANSPORT
PACKAGING
883742
6471960
TOTAL 7355702
WORKING LIFE TOTALS
SUB - PROCESSES MJ
USE
per week 17413229
SERVICE
including engineer replenishment, broken call rate,
unscheduled maintenance calls and technical specialist 2206415
CONSUMABLES
including paper manufacture and delivery, toner
manufacture and delivery 23003702
TOTAL 42623346
ASSEMBLY 
SUB - PROCESSES
TOTALS
MJ
Building 1 3546604
main assy line
Building 4 141048
Electronics mfg
Rest of site: 1397000
TOTAL 5084652
INSTALL TOTALS
SUB - PROCESSES MJ
WAREHOUSING
521921
CROSS DOCK delivery
1262489
LOCAL DELIVERY
109104
TRAINING
281284
OPERATOR MANUALS
184800
TOTAL 2359598
REMOVE AND RETURN TOTALS
SUB - PROCESSES MJ
TRANSPORT
customer to cross-dock 109104
cross-dock to Mitcheldean 2146232
TOTAL 2255336
ASSET RECOVERY OPERATIONS TOTALS
SUB - PROCESSES MJ
BLG 12/13 (ARO processes)
CONSUMABLES
transport
paint and cleaning fluid
TOTAL 853335
775976
5455
71904
The presentation of the energy data collected is relatively simple as all the data is 
in the same format - megajoules (MJ). In the graphs this is converted into 
gigajoules (GJ) as the most appropriate data presentation format.
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Figure 3.11: Graph showing the energy consumption arising from the use of 
Hodaka for one year
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Figure 3.11 shown above uses both the functional unit as described above and 
the division of each supply chain element into direct, transport and other. This 
makes the interpretation of the results far more straightforward. The results were 
surprising at first as the energy consumed during the working life of the machine 
accounts for 75% of the overall environmental impact arising from energy 
consumption. It was expected that acquire would be higher due to the amount of 
transport involved in this supply chain element. This is ‘discounted’ over five 
years as per the functional unit and the working life happens every year. 
Unfortunately, there is little that the supply chain can do regarding the energy 
consumption of the machine or the energy involved in paper manufacture (as 
discussed above) and it is these two sub processes which are the most intensive 
energy users in the overall supply chain. Only a re-design of the machine would 
reduce the energy consumption during its working phase and a different paper 
manufacturing process would reduce the amount of energy used to make paper. 
It is possible to remove the results from these two sub processes which are 
skewing the results and see the difference in the form of the graph. The two sub 
processes were included because they were necessary to get a feel for the whole 
life cycle of the machine, this tool is aimed at the supply chain organisation and
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the consolidation of these results would give a false impression to supply chain 
managers who may comment that it is therefore down to the product design team 
who must work on the reducing the energy consumed by the machine to reduce 
the overall environmental impact from energy consumption. It is true that 
reducing the energy consumption of the machine would have the biggest impact 
as far as reducing the overall energy requirement of the lifecycle. This would not 
reflect on the supply chain’s ability to improve its own environmental impact 
which is the aim of this research project.
Therefore if the energy consumed by the machine directly is removed along with 
that consumed by paper manufacture, then it possible to see in Figure 3.12 
where the supply chain should concentrate resource in order to reduce its 
environmental impact regarding energy consumption.
Figure 3.12 - Graph showing the energy consumption associated with one year’s 
use of Hodaka with direct energy consumption and paper 
manufacturing removed.
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Now the transport element within the energy consumption indicator becomes 
much more pronounced. The biggest impact arises from the manufacture of 
components for the main assembly lines within acquire. The transportation used
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by service engineers and the delivery of spare parts is also an important factor. 
This is closely followed by the amount of energy used in acquire to deliver the 
components. The supply chain could manage and improve its environmental 
performance by concentrating on its suppliers and encouraging them to reduce 
their energy consumption and also by choosing suppliers which are more locally 
based in relation to the manufacturing site. Over the lifetime of the machine, it 
would be more effective to reduce the amount of transport energy required to 
deliver servicing to the machine in form of engineer journeys and spare parts 
delivery, as the acquire element is discounted over the lifetime of the machine as 
discussed above.
POLLUTION
As can be seen from the spreadsheets (see Appendix 1) detailing the pollution 
data collected and the discussion on the population of the model with data earlier 
in this chapter, there are many different chemicals which are released by 
processes in the supply chain to the atmosphere. As discussed in section 3.2, 
these many different emissions needed to be amalgamated in some way to make 
their comprehension and use more accessible. Therefore the ICI Pic 
Environmental Burden Approach has been used (this is discussed at greater 
length in section 3.2). The ICI approach uses more ‘burdens’ than this 
methodology does due to the much wider range of chemicals that ICI’s plants are 
emitting. All of the pollutants emitted by the Hodaka supply chain are listed 
under Global Warming Potential (GWP) and Atmospheric Acidification Potential 
(AAP). Again, section 3.4 explains the details behind these ‘burdens’ and the 
formula applied to attain the following results.
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ACQUIRE 
SUB - PROCESSES
TOTALS 
t GWP kg AAP
EMC SUPPLIERS and
INBOUND LOGISTICS TO MITCH 833 128
CENTRAL COMMODITY SUPPLY 478 1022
TOTAL 1311 1150
DISTRIBUTION 
SUB PROCESSES
TOTALS 
t GWP kg AAP
TRANSPORT 33 18
PACKAGING 183 352
TOTAL 216 370
WORKING LIFE 
SUB - PROCESSES
TOTALS 
t GWP kg AAP
USE
per week 4033 36220
SERVICE
including engineer replenishment, broken call rate, 
unscheduled maintenance calls and technical specialist 148726 116
CONSUMABLES
including paper and toner manufacture 1178 9
ASSEMBLY 
SUB - PROCESSES
TOTALS 
t GWP kg AAP
BLG 1/4 & rest of site 1178 10576
TOTAL 1178 10576
INSTALL 
SUB - PROCESSES
TOTALS 
t GWP kg AAP
WAREHOUSING 121 1086
DELIVERY & TRAINING 72 43
OPERATOR MANUALS 1 1
TOTAL 194 1130
REMOVE AND RETURN TOTALS 
SUB - PROCESSES t GWP kg AAP
TRANSPORT 89 46
TOTAL 89 46
TOTAL 42623346_______ 36345
ASSET RECOVERY OPERATIONS TOTALS
SUB - PROCESSES t GWP kg AAP
BLG 12/13 (ARO processes and consum ables) 180 1614
TRANSPORT 0.4 0.2
TOTAL 180 1 6 U
Both GWP and AAP are presented in kilograms of equivalent emission. For 
GWP this reference emission is Carbon dioxide (C 02) and for AAP, the reference 
emission is Sulphur dioxide (S02).
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Figure 3.13 - Graph showing GWP from one year’s use of Hodaka
Global Warming Potential from Supply Chain Stages 
(copy/print service for 1 yr, lifetime = 5 yrs)
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Figure 3.14 - Graph showing AAP from one year’s use of Hodaka
Atmospheric Acidification Potential from Hodaka Supply 
Chain Stages (1 yr copy/print service, lifetime = 5yrs)
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Figures 3.13 and 3.14 show that, as with the energy consumption indicator, it is 
the working life of the machine that produces the biggest environmental impact in 
relation to the other supply chain functions when considering the whole lifecycle 
of the machine. This is, in part, due to the electricity generation which is required
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to power the machine when it is working. This is higher than it would be in real 
terms as all electricity is assumed to be generated from coal fired power stations 
(see Appendix 1 for further discussion on this subject). This raises both the 
Global Warming Potential due to the carbon dioxide produced and the 
Atmospheric Acidification Potential due to the sulphur dioxide produced by coal 
fired power stations. All electricity consumption throughout the model is treated 
in the same way and so the results remain comparable.
The effect that electricity generation has on the graphs artificially depresses all 
the other results from the rest of the supply chain elements. If this relatively high 
result is removed, it is possible to ascertain where the supply chain could actually 
affect the GWP or AAP of its activities as the following graphs show.
Figure 3.15 - Graph showing GWP from one year’s use of Hodaka with the direct 
consumption of energy removed from working life
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Figure 3.16 - Graph showing the AAP from one year’s use of Hodaka removing 
direct energy consumption from working life
Atmospheric Acidification Potential from Hodaka Supply 
Chain Stages (1 yr copy/print service, lifetime = 5yrs)
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Although the results in Figures 3.15 and 3.16 are a whole order of magnitude 
lower, the difference seen by removing the pollutants which are produced from 
the direct energy consumption of the machine during its working life are very 
useful. From these graphs it is clear that in order to reduce the environmental 
impact arising from the emission of air pollutants the supply chain should source 
its components more locally or find other ways of reducing the transport element 
of the chain. This would especially reduce the GWP of the supply chain scenario 
demonstrated here. In order to reduce AAP in particular the energy consumption 
of the manufacturing site should be reduced. This would reduce the impact 
arising from assembly and ARO.
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MATERIALS INTENSITY PER UNIT OF SERVICE (MIPS)
MIPS or material intensity per unit of service is a relatively new method for 
measuring environmental impact. Like energy it is an input measure of 
environmental impact. As discussed in section 3.4, the bulk of this work has 
been carried out by the Wuppertal Institute in Germany and it is this work that 
has been drawn on to construct the Xerox supply chain material intensity.
Compiling the materials intensity for Hodaka was relatively straightforward as the 
processes have already been mapped for its supply chain and amounts of 
materials used identified for both the energy consumption and pollutants emitted 
analysis. The methodology and means of displaying the data are drawn directly 
from Kranendonk and Bringezu (1993). Figure 3.17 is an adaptation of the data 
display presented in the Wuppertal Institute’s work.
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ACQUIRE 
SUB - PROCESSES
TOTALS
kg
EMC SUPPLIERS
70 x 7.5t/week from suppliers in Germany, UK and USA 34402
CENTRAL COMMODITY SUPPLY
metal, plastic, electronics, glass 266156
INBOUND LOGISTICS TO MITCH
24 x 32 t/day from UK, Far East, Venray, USA 1006441
TOTAL 1306999
ASSEMBLY 
SUB - PROCESSES
TOTALS
kg
BLG 1
main assy line 81283
BLG 4
Electronics mfg 4409
Rest of site: 37648
TOTAL 123340
DISTRIBUTION 
SUB - PROCESSES
TOTALS
kg
TRANSPORT
PACKAGING
17318
100650
TOTAL 117968
WORKING LIFE 
SUB - PROCESSES
TOTALS
kg
USE
per week 590279
INSTALL TOTALS
SUB - PROCESSES kg
WAREHOUSING
17692
CROSS DOCK delivery
24710
LOCAL DELIVERY
2112
TRAINING
5498
OPERATOR MANUALS
1100
TOTAL 51113
REMOVE AND RETURN TOTALS
SUB - PROCESSES kg
TRANSPORT
customer to cross-dock 2112
SERVICE
including engineer replenishment, broken call rate, 
unscheduled maintenance calls and technical specialist 43790
cross-dock to Mitcheldean 41818
TOTAL 43930
CONSUMABLES
including paper manufacture and delivery, toner 
manufacture and delivery 1607348
TOTAL 2241417
ASSET RECOVERY OPERATIONS TOTALS
SUB-PROCESSES kg
BLG 12/13 (ARO processes) 18431
CONSUMABLES
transport
paint and cleaning fluid
TOTAL 18538
107
9
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Figure 3.17 - Table showing the results of the MIPS analysis of the Hodaka 
supply chain
[mh
[Mi?
Ml?
Ml?
Ml?
Ml?
Ml?
material in kg/UK Machines In Field (2200/yr) processes
steel 185460
plastic 58080
glass 3916
electronics 18700
transport fuel 1040843
water?
-> gas 
coal
gas
coal
transport fuel 
paper_______
-► {transport fuel
MATERIAL INTENSITY =
MATERIAL INTENSITY =
MATERIAL INTENSITY =
70542
52798
transport fuel 17318
infrastructure 9
steel - pkg 96800
plastic - pkg 3850
0
17692
32321
1100
coal 590279
transport fuel 720538
paper 924000
plastic 6600
43930{-
gas 11329
coal 7102
paint ?
detergent ?
water ?
transport fuel 107
3903198 kg
1774 kg
0.02 kg
► {acquire materials
► i install"
►  working life
I
1r
1 year use of 2200 
machines in UK
1 yr use of 1 
machine in UK
Ip e r  1 copy
Note: 2200 machines make 185M copies per year @ 7000 copies per month 
Every copy results in 20g associated resource use
-►{disposal Ml?
assemble machine |----------- ► disposal Ml?
►  distribute (t) j ---------► disposal Ml?
► {disposal Ml?
^  ► disposal Ml? |
►  remove & return \------------►disposal Ml? |
Question marks indicate unknown quantities, very little data is available on the 
overburden resulting from the excavation of coal for combustion. Also this is 
likely to be different for different mines and so it is difficult to make an estimation. 
If all the material intensities for the input materials (e.g. steel) were known, this 
would have a huge effect on the end result. Although there is very little data
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available on the inputs associated with industrial processes, it is not difficult to 
imagine that in order to produce fifty kg of steel, many more kilograms of ore, fuel 
and infrastructure would be required.
The results from this environmental indicator shown in this way are quite different 
from the previous two. The working life does not have the biggest impact in 
terms of the amount of material used during a supply chain stage. In MIPS, the 
biggest impact arises from the fuel used to deliver components to the 
manufacturing site as seen in acquire. It should be remembered that, even 
though this is the recommended format for the presentation of MIPS results, this 
is not comparable with the other environmental indicator results which are 
normalised to a functional unit. If the same is carried out with the MIPS, a 
familiar pattern emerges, as shown in Figure 3.18. The graph below shows that, 
once again, it is the working life of the machine which has the biggest 
environmental impact relative to the rest of the supply chain. Paper and toner 
cartridge consumption within working life outweigh any impacts arising from the 
transport of components in acquire. The removal of the impacts arising from the 
direct consumption of electricity and paper manufacture during the working life 
would have no effect on the overall results here unlike the two previous indicator 
results because the amount of materials (fuel) used in the transport element of 
working life overshadows any impacts from the other supply chain elements.
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Figure 3.18 - Graph showing the materials intensity for one year’s use of Hodaka
MATERIALS INTENSITY FOR 1 YR COPY/PRINT (LIFETIME = 5 YRS)
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3.6 - Results summary
This chapter has described the development of the environmental performance
model that has been created for the Hodaka supply chain in the UK.
It has shown how the supply chain is constructed and with the raw data contained
in Appendix 1 has explained the sub-processes that are contained within each of
the functional units of the supply chain.
♦ The Xerox integrated supply chain for Hodaka is fully described, functional 
unit by functional unit.
♦ Data was then collected for each of the indicators in each of the functional 
units.
♦ Energy consumption, air pollutants emitted and materials intensity were 
chosen as the environmental indicators for the performance model.
♦ The results of this data collection exercise are shown above using raw data 
sets and graphs.
♦ The results are then analysed to understand what they imply.
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♦ In general it has been found that it is the working life of the machine which 
causes the most environmental impact throughout the supply chain in all 
indicator sets.
♦ This is concurrent with life cycle thinking and has been shown by other life 
cycle studies.
♦ It was found that it was easier to interpret the results if this working life effect 
was removed. This made it possible to look at the other environmental 
impacts arising from other parts of the supply chain.
The results and the conclusions arising from them are discussed in greater depth 
in Chapter 5. The next chapter explains how it is then possible to apply the 
results of the environmental performance model to business planning procedures 
within Xerox Ltd, thus enabling the environment to enter into strategic planning 
within the company.
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4.0 Applying the Environmental Performance Model to Business 
Planning
In previous chapters, the rationale for developing an environmental decision 
support tool has been discussed. Currently there is no individual solution that 
meets Xerox’ requirements of a tool which is able to be used by non-specialists, 
does not require long periods of data collection and can be related to standard 
business metrics. Chapter 3 outlined the construction of a model which met 
these specific requirements. Having established the model and tested it using a 
Xerox product to represent the average Xerox integrated supply chain scenario, 
the next step is to apply the model to business planning and support future 
decisions by relating it to standard business metrics. This chapter discusses the 
way in which decisions are made at Xerox, the standard business metrics which 
are used to indicate performance of the supply chain and how the model fits in 
with these formal processes.
4.1 - Decision making at Xerox
4.1.1 - Managing For Results
Within the integrated supply chain there are many decisions to be made which 
affect all aspects of the supply chain’s operations from stocking levels to labour 
requirements. From a strategic perspective the decision making process begins 
with ‘Managing For Results’ (MFR). This is the Xerox approach to the policy 
deployment management technique which originated in Japan. It ensures that 
everyone in the organisation is working towards the same set of goals. MFR 
focuses on the vital few actions that are needed to achieve improvements. The 
process consists of three primary phases shown in Figure 4.1:
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Figure 4.1 - Managing For Results
Setting Direction
Corporate 
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Individual
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♦ Setting direction
The corporate vision and mission, along with its values and priorities, establishes 
the basis from which the corporate senior team develops three -five year goals 
and strategies. These goals are then translated into corporate annual objectives. 
Setting direction continues at the group/entity level (e.g. Xerox UK or the ISC) 
with their strategy contracts and annual plans. At this level, groups and entities 
develop their objectives to support the corporate annual objectives.
90
♦ Deploying direction
This starts with agreement on the objectives and the appropriate enabling 
actions. The group/entity objectives must be translated by each level of 
management into individual objectives. During this process each employee sets 
objectives that link directly to the organisation and corporate objectives.
♦ Managing direction
Teams implement the plan established in deployment and then compare their 
outcomes with expectations. Progress, using the Xerox Management Model 
(described in section 4.1.3), is evaluated annually.
4.1.2 - The Strategy Contract
The strategy contract forms part of the setting direction phase of MFR. As one of 
the main groups, each year the integrated supply chain carries out its strategy 
contract negotiation with the business divisions. The integrated supply chain at 
Xerox Limited acts as a supplier to the business divisions and so must ‘tender’ for 
business each year. The ISC provides material sourcing, manufacturing, delivery 
and servicing capabilities to the machines in the field (with customers) that 
‘belong’ to the business divisions. For example, the Office Document Products 
Group is the business division that has developed and marketed Hodaka and will 
make all the strategic decisions relating to that product. In this way, the ISC 
commits to a level of performance for the coming year and subsequent years. 
This level of performance is agreed in the strategy contract with the business 
divisions.
The process begins in January each year when the ISC develops its ‘route map’. 
This is a document which details the performance levels of the previous year, 
lays out the planned achievements for the following year and explains any 
benchmarking that has been carried out and the ISC’s ability to meet those 
benchmark performances. This is then taken to the business divisions for 
discussion. Meanwhile the business division has been developing its Market 
Attack Plan for the next year and subsequent years. This will show the new
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products being developed and the marketing plans for those products. Intentions 
for existing products will also be part of these plans. The Market Attack Plan 
describes the strategy of the business division for the next three years and it is 
then up to the ISC to ensure that it has process capability to meet those plans 
over that timeframe. This takes the negotiations to May and June in the year. In 
the next stage, the ISC returns to the business divisions with any investment 
requirements it may have in order for the ISC to meet the business division 
requirements laid out in their market attack plans.
There are two outputs from the strategy contract negotiation process. The first is 
the investment plan for the next 1 to three years detailing quantities and 
destinations of any inward investment. The second is an operations plan for the 
coming year which details how the ISC is going to start delivering the 
requirements of the business divisions over the next year. Contained within this 
document are the detailed metrics that the ISC will use over the next year to 
measure its progress against the targets set by the business divisions. This is 
the important part of the strategy contract for this research project. Currently the 
environment is formalised into business processes using the Xerox Management 
Model (XMM). This is one level of integration into the business. The next and 
more important level is at the strategic one. The XMM fits into the strategic 
contract as the means of managing the processes which will deliver the 
performance required by the business divisions. It does not set the strategic 
direction for the ISC - the strategy contract does. This is the way in which it is 
suggested that the environment will become less marginalised in the supply 
chain. By incorporating environmental performance metrics and subsequent 
targets into the strategic contract, the business divisions and the ISC will be able 
to stipulate environmental performance on a year on year basis. The next 
section describes the Xerox Management Model in detail, explaining the extent of 
current environmental integration and why more is required.
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4.1.3 - The Xerox Management Model
There is a continuous feedback process in place to ensure that the direction that 
is set using MFR is actually achieved, this is part of the managing direction 
outlined by MFR. This process is formalised through the Xerox Management 
Model (XMM). This is a self-assessment tool which integrates quality into the 
company’s business. It focuses activity around customers and the market in 
order to achieve business results. Each of the 6 main categories contains a 
number of elements against which company performance is measured each 
year.
Figure 4.2 - The Xerox Management Model
Management Leadership
I
Human Resources Management
_ J___
Business Customer Quality
Process and Tools
Manage­
^ ---------- ^
Market ^
ment Focus
________I_________
Business Results
Source: Xerox, 1996
XMM was introduced in 1994 to give a high level view of the business. It was a 
natural progression in quality development and drives the continuous 
improvement that Xerox strives for. It was intended to encompass the corporate 
strategy and vision for the year 2000 onwards. XMM includes everything that is 
needed to run the business from process measures and management tools to
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customer feedback and requirements. From figure 4.2, it can be seen that there 
are 6 categories:
1. Leadership
2. Human Resource Management
3. Business Process Management
4. Customer and Market Focus
5. Information Utilisation and Quality Tools
6. Results
The categories are arranged in the specific way shown in figure 4.2 to 
demonstrate the interdependent relationship between them. Customer and 
Market focus is the centre of the model, reflecting the company’s belief that the 
customer is at the heart of everything it does. All the other elements come 
together at the focal point of the customer and results are an outcome which flow 
directly from this focal point. The double headed arrows to and from customer 
and market focus emphasise the two way communication that is needed between 
Xerox and its customers in order to provide technology, products and services 
that meet their needs. By continuously measuring performance in all the 
elements, the company is able to use its resources to improve results.
The Xerox Management Model is well established in the company and is used at 
all levels for reporting performance and setting future objectives. It is an intrinsic 
part of the company and its management systems and, for this reason, is 
important to this research project. For the environment to be considered on an 
equal footing as customer satisfaction, market share, financial results and 
employee motivation, it must be firmly instituted into the company’s management 
ethos. One way of doing this is to make it part of XMM and MFR.
Currently the environment is specifically mentioned under the leadership category 
in the XMM. This is important as it means that every organisation, including the 
supply chain, has to be able to state what effect they have had or will have on 
Xerox’ leadership position related to the environment. In the supply chain these
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statements are frequently dominated by manufacturing issues of waste 
management and energy consumption. While these are very important, a 
element of forward-looking planning is missing. It is this niche in which the 
environmental performance metric fits. This is borne out by the 1997 
assessment sheet for XMM 1.6 Environmental and Social Responsibility for the 
Integrated Supply Chain. This shows that the environment is, as yet, 
marginalised and therefore will only reach a certain level of performance. The 
weaknesses highlighted in the assessment sheet summarise a requirement for 
better partnerships between other organisations within the company to further 
integrate environmental concerns into processes. Other organisations within the 
company have to be continually reminded or encouraged to act environmentally 
responsibly as the value of environmental management is not apparent to them 
and other metrics take priority.
A tool which could relate the environment to those already important metrics 
would not be marginalised, but would instead be considered at every point along 
the supply chain. The difficult factor is that the supply chain, as expected from a 
large complex organisation, has hundreds of metrics measuring every part of its 
activities from employee motivation to ‘broken call rate’ which has an influence on 
customer satisfaction and financial results. There are some top level metrics 
which are well understood by the organisation and are used to measure the 
performance of the supply chain at a strategic level. These are referred to in the 
supply chain’s strategic intent and govern many lower level metrics. In order to 
test out the environmental decision support tool, these are the most sensible 
metrics with which to start.
4.2 - Supply Chain Metrics
There are three top level measures of the supply chain’s performance, these are 
the cost of logistics, service level achieved and inventory. The cost of logistics is 
fairly self-explanatory, the measurement reflects the amount of money spent on 
the physical movement of product in one set timeframe. Logistics cost therefore 
is the sum of the following costs: order fulfilment, material acquisition, inventory 
holding, supply chain finance and planning costs and information system support.
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These are expressed as a percentage of revenue. All costs reflect fully burdened 
actuals, inclusive of salary, benefits, space and facilities, equipment and general 
and administrative costs (Xerox, 1994). The service level achieved can be 
measured in a number of ways. Customer satisfaction is synonymous with 
service level as it is the customer perception of order fill time, perfect order 
fulfilment, product quality relative to competition, broken call rate and emergency 
orders. Customer satisfaction is derived from customer surveys and responses 
are classified from very satisfied to very dissatisfied. The measurement is then 
presented as the percentage of customers who responded with a satisfied or very 
satisfied score. Inventory refers to the total amount of finished products, spare 
parts, consumables, components and raw materials that are in the supply chain 
at any one time. It is expressed in calendar days of supply based on recent 
actual daily cost of sales. A more recent way of measuring the amount of 
inventory in the system and to what use it is being put is now being used. This is 
called inventory turns and measures the number of times that a set amount of 
inventory passes a set point in the supply chain. This therefore measures the 
‘clockspeed’ of the supply chain - how fast it is moving goods through its 
organisation. From a company perspective this is useful to know because 
inventory is a non-revenue generating asset. Once inventory is out in the market 
place it begins to generate revenue which is beneficial to the company.
These three measurements are used in particular because it has been found that 
they are related to each other and that all the best-performing companies, 
irrespective of industry sector, are managing these particular three 
measurements. Figure 4.3 below shows that the relationship between the 
measurements can be drawn as a triangle. This was established by a research 
project carried out by Xerox in 1994. Over 200 companies were involved in the 
study and it was found from this sample of companies that the best performing 
companies in their industrial sectors were all performing well in the three 
measurements shown in figure 4.3. It was also found that there is an inverse 
relationship between logistics cost and inventory levels - as one goes up, the 
other will go down. Therefore it is possible to have high logistics cost and low 
inventory levels, however this is raising the amount of money that the company is
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spending on logistics. This inverse relationship is a function of the way in which 
product is moved out into the marketplace. Inventory levels would be low if 
product was delivered by helicopter to the customer, but the cost of working that 
logistics network would be prodigious. Both logistics cost and inventory level are 
related to service level, in that a balance must be achieved in order to result in a 
particular service level. This means that it is not possible to set absolute targets 
for these metrics, but that a ‘best fit’ must be attained which gives a company the 
results that it needs in order to remain competitive in its market place. For Xerox, 
service level is very important and therefore the cost of logistics and inventory 
level are set in order to achieve as high a service level as possible. For other 
companies, reducing the cost of their logistics may be more important than 
achieving a greater than 90% service level or customer satisfaction.
Figure 4.3: The top level measurements used to define integrated supply chain 
performance
SERVICE LEVEL
LOGISTICS COST INVENTORY
The strategy contract which is discussed above sets the levels of the three 
measurements which will be achieved in the short and medium term. For 
example recent benchmarking against fifteen other companies has found that no 
single company is best in all three attributes. The strategic intention for the Xerox 
Integrated Supply Chain until 2001 is to close the customer service level gap 
while moving toward ‘best in class’ for inventory and logistics cost. Figure 4.4
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below shows what this means in actual numbers. The best in class companies 
are reaching service levels of 91% (91% of their customers responded with a 
satisfied or very satisfied score), with 46 days of supply in inventory and a 
logistics cost of 5.3% of revenue.
Figure 4.4: Diagram showing Xerox’ and Best-ln-Class companies’
achievements with the three measurements (1997).
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4.3 - Connecting the environmental performance model to the ISC formal 
measurements
The above section discusses the top level measurements that the Xerox supply 
chain uses to ascertain its performance. It also describes the relationships 
between those measurements, how they interact and are set by the company and 
how those relationships were established. This next section takes one of those 
measurements and uses customer responses from an independent survey to 
attempt to establish a relationship between supply chain metrics and one of the 
corporate goals of Xerox. In this way it is possible to relate the environmental 
performance of the supply chain to a hard business metric that everyone within 
Xerox understands and works towards.
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Figure 4.5 below shows the relationships that exist between the metrics that are 
used within the Xerox Limited supply chain and Xerox Limited as a whole. The 
diagram shows that customer satisfaction is a main corporate goal and that 
environmental performance can be related to that corporate goal. This is 
important for the reasons discussed above in this chapter and in previous 
chapters. If the environmental performance of a company is to be improved 
beyond environmental management to eco-efficiency (Cramer, 1998), then it 
must, of necessity, become part of the everyday management of its business. It 
is for this reason that the way in which Xerox manages its business, XMM, is 
discussed and then why it is vital that the environment also becomes part of 
strategic planning (the strategy contract) and top level goals. The environment 
will, as a matter of course, become an intrinsic and inseparable part of the 
business if it is part of a top level business metric. Figure 4.5 demonstrates how 
it is possible to build an implicit relationship between metrics in a business 
system.
99
Figure 4.5: Diagram showing the potential relationships that may exist between 
supply chain measurements, corporate metrics and the environmental 
performance model.
ENVTL PERF MODELAPPLICATION TO XLXMM - CORPORATE 
GOALS
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Each year Xerox commissions a customer benchmark survey (CBS) which is 
carried out across Europe using a random sample of photocopier/printer 
customers in each country. It is not only directed at Xerox customers, but also at 
competitors’ customers, as its intention is to provide comparisons between Xerox 
customer responses and those of competitors to judge how well Xerox is 
performing in the market place against other companies. As this is a UK based 
research project, only UK Xerox customer responses have been used for 1997, 
the period of time that all data in this project are drawn from. Customers are 
interviewed by telephone using a formal questionnaire with a set range of 
responses. Most questions are graded from 1 to 10 with 1 being very 
dissatisfied with the attribute in question and 10 being very satisfied. Within this 
survey there are environmental questions covering both aspects of the machine 
(noise, smell, heat produced etc.) and aspects of the supplier’s performance 
(retrieval of toner cartridges, packaging and equipment, provision of 
environmental information etc.) It is this last question which has been used as 
the indicator of customer satisfaction with the environmental performance of the
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supply chain as the attributes in the question are, in the main, controlled by the 
integrated supply chain.
Survey questions asked:
“Environmental Satisfaction:
How satisfied are you with the environmental performance of your supplier with 
regard to machines, cartridges and consumables take-back and recycling, 
packaging collection. Please could you give a score out of ten where 10 is very 
satisfied and 1 is very dissatisfied? If dissatisfied, what would your supplier have 
to do to move your score in a positive direction?
Overall Satisfaction:
Based on your recent experience, all things considered, how satisfied are you 
with your supplier?”
More than two thousand Xerox customers in the UK were surveyed and rated 
questions related to their overall satisfaction with their photocopier supplier and 
satisfaction with the environmental performance of that supplier. It is then 
possible to carry out statistical analysis to find the correlation between the two 
data sets - overall satisfaction scores and environmental performance scores. 
Correlation provides a measurement of the closeness of the relationship 
between two variables. The correlation of the two datasets was calculated using:
r =
Z  xy - n xy 
n 0X0y
where:
r = correlation coefficient
x = overall satisfaction
y environmental satisfaction
xy = mean of each dataset
0 XCy = standard deviations of each dataset
from: Harper, 1971
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Using this formula, a correlation coefficient (r) of 0.44 was found. As Harper 
(1971) mentions, the interpretation of the correlation coefficient is not a 
straightforward one. The full significance of the result is therefore very difficult to 
establish. Correlation coefficients range between +1 and -1. Perfect positive 
correlation occurs at +1 when all the data points lie on the line of best fit. No 
correlation between datasets occurs when the correlation coefficient is equal to 
zero. Neither of these scenarios are the case here, therefore it is only possible to 
say that there is a weak correlation between customer’s overall satisfaction with 
Xerox and with its environmental performance. It was decided to test the 
understanding of this methodology by using another set of satisfaction scores 
from the customer benchmark survey in 1997. Again, the same two question 
responses were taken, but this time, from Xerox customers in Sweden. 
Scandinavian customers are generally recognised as being much more 
environmentally aware than their UK counterparts. They are traditionally more 
demanding of a company’s environmental performance and are more likely to 
ask environmentally related questions during a bids and tenders process for 
example (Xerox, 1996).
As can be seen from figures 4.6 and 4.7 below, there is very little difference in 
the correlation between the datasets for the UK and Sweden. The trendlines help 
to interpret the data as the population of the dataset is quite high (>two thousand) 
and not all points can be represented on the graph. The virtually unchanged 
results are somewhat surprising as it was expected that the Swedish data would 
show a much stronger correlation between overall and environmental satisfaction. 
The two graphs do show that the environmental performance of the supply chain 
does indeed have an impact on overall customer satisfaction and that it would 
diminish if Xerox stopped improving and publicising its environmental 
performance. This is a positive message to be able to take to senior 
management who look very carefully at customer satisfaction as an indicator of 
Xerox’ success in the market place. In a highly competitive market it is important 
that a company’s customers remain satisfied with their supplier. However, it has 
been possible to establish the actual causal links in the relationship between
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environmental satisfaction and overall satisfaction. This is something that should 
be considered for the future if this relationship is to be made more meaningful.
Figure 4.6 - Graph showing the correlation between overall satisfaction and 
environmental satisfaction with Xerox as a supplier in the UK
r = 0.44
Overall satisfaction
Figure 4.7 - Graph showing the correlation between overall satisfaction and 
environmental satisfaction with Xerox as a supplier in Sweden
r = 0.47
cn
Overall satisfaction rating
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It is a well documented fact (see Reichheld, 1996 for examples) that a satisfied 
customer is likely to remain loyal to their supplier when upgrading or purchasing 
additional equipment. ‘Loyalty is inextricably linked to the creation of value as 
both a cause and effect. As an effect, loyalty reliably measures whether or not a 
company has delivered superior value. As a cause, loyalty initiates a series of 
economic effects such as revenue and market share growth, increasing 
productivity and loyal investors’ (Reichheld, 1996).
As discussed above in section 4.3, service level is a subset of customer 
satisfaction. Service level is the indicator of customer satisfaction with the Xerox 
Integrated Supply Chain. There are also other measures of customer satisfaction 
such as abort rates (machines which are removed soon after placement for a 
variety of reasons) and quality certified customer query handling processes. All 
of these contribute to the level of service that is provided to the customer.
It seems natural to assume that there is also a relationship between service level 
and environmental performance of the supply chain, this proves a very complex 
relationship to establish. There are many facets to service level as explained 
above and intuition would suggest that environmental performance would indeed 
affect these attributes of service level. For example, broken call rate has a 
negative effect on service level as the engineer has to leave the machine not 
working and return to collect the part required to mend the machine. Broken call 
rate also has a negative effect on environmental performance as shown by data 
in Appendix 1 - every broken call results in another 5.7 litres of fuel being used to 
return the engineer to the warehouse and back to the customer again.
It is virtually impossible to empirically establish the causal links between these 
two variables. The aggregation of n attributes in order to give a figure for service 
level does not then relate to any of the environmental performance metrics 
develop by the supply chain model. Even though actaul causal links have not 
been established, it is possible to infer a level of customer satisfaction from 
environmental performance of the supply chain. If it were possible to establish 
properly defined causal links, then the environment could be incorporated, at a
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meaningful level, into corporate strategic planning, thus blurring the distinction 
between traditional environmental management and strategic business 
management.
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5.0 -  Discussion
This chapter discusses the objectives of this research project and the results 
from meeting those objectives. The chapter then continues to describe how the 
environmental performance model developed was validated by populating it with 
data and then how it was applied to business planning at Xerox. The findings 
from the development of the model are outlined in detail and some common 
themes in the data results are drawn out. The recommendations and 
implications of these findings for Xerox and research in this field are then 
described. The findings from applying the model to the business are discussed, 
and the recommendations and implications for the company and the established 
field of expertise are outlined. This leads to a discussion on future research 
issues and for the future of environmental management at Xerox.
5.1 - The objectives of this research project:
There are two main aims:
a) To develop modelling capability of environmental impacts in a supply chain 
organisation.
b) To enable the environment to be considered in the strategic planning process 
of the supply chain organisation.
The first objective was met by constructing a model of the supply chain around a 
particular supply chain scenario and collecting the environmental data associated 
with that scenario. This was necessary because there was no similar tool 
capable of delivering this objective. Chapter 2 summarised the context, both 
industrially and academically, for this research. It shows that a tool able to 
measure the environmental performance of supply chains is needed and that it 
should also be able to be used in planning scenarios, to avoid future 
environmental liabilities, provide product differentiation, leadership attributes and 
meet customer expectations in the future. As there was no one single tool which
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could be applied to the Xerox supply chain, the environmental performance 
model was developed.
The modelling process began with mapping a particular supply chain scenario as 
the case study which would be used to develop the model. In this case, the UK 
supply chain for a digital multi-function product, Hodaka, was chosen. This was 
an important choice as Hodaka is one of Xerox’ new products, heralding the 
digital era for Xerox and, in many ways, acting as a template for the other digital 
products to come. Hodaka is also manufactured in the UK, providing easy 
access to data and knowledge about the machine. Sourcing profiles for 
components and raw materials were mapped out, assembly information was 
collected, the sales company in the UK contributed the delivery and installation 
data. The working life of the machine was also described by the servicing 
organisation within the Xerox Integrated Supply Chain and the returns loop at end 
of life with the customer was also added.
The development and population stage of the environmental performance model 
resulted in a number of key findings and discussion points listed separately under 
those two sections. These are pertinent for any future construction of further 
supply chain scenarios using the model and are discussed in the next sections of 
this chapter.
5.2 -  Conclusions from the development of the environmental performance 
model
The conclusions of this first stage of the research project - developing the 
environmental performance model - are presented in the way in which the model 
was constructed. The system boundaries were decided upon and the indicators 
were chosen. The findings from each of these stages are outlined in the sections 
below.
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5.2.1 -  System boundaries
Finding 1: Decide where the system boundaries lie and remain within
them for data collection and analysis. Within the environmental performance 
model there are three indicators of environmental performance, it was important 
that these all described the same system, otherwise it would not be possible to 
ascertain which part of the supply chain was creating the most environmental 
impact within an indicator. The system boundary around this environmental 
performance model was established using a pragmatic approach: The system is 
mainly confined to that over which the Xerox supply chain can have a major 
effect. This includes the main suppliers that the supply chain will deal with. 
These level one suppliers will provide main components for assembly, spares 
and paper. Xerox is able to exert a certain amount of pressure over these 
suppliers should it choose to because of the nature of the relationship between 
them - at this level suppliers become more like partners and so are willing to 
adapt to Xerox’ changing needs. In the future this may include more 
environmental requirements than at present. The system does not include 
disposal options. Although this would be very useful, work has already been 
carried out into determining the most environmentally responsible disposal routes 
(see Clift, 1996; McLaren et al, 1998; Leach, 1997 for examples). Also, due to 
the recent launch of Hodaka, there were no returning machines to be able to map 
out disposal routes to any great degree of accuracy. Plan data for asset recovery 
operations was sketchy as Hodaka was the first digital product and many issues 
regarding its lifespan and quality of returning equipment were unknown.
This would be an ideal place to expand the environmental performance model so 
that it includes the disposal options for that fraction of the machine which cannot 
be remanufactured. Other expansion points within the mapping stage would 
include the infrastructure used within the supply chain. This model does not 
consider the land used for buildings, roads, car parking or the trucks and 
aeroplanes used to transport the equipment as this is a different indicator than 
those chosen.
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The indicators selected do infer a certain level of environmental impact from 
infrastructure use. Less air pollution from road transport could indicate either 
more fuel efficient trucks or fewer trucks being used. There is a connection 
between infrastructure and the indicators chosen, although the relationship is not 
necessarily direct. In the future, a clearer understanding of the proportion of 
infrastructure used may become important from an environmental cost allocation 
perspective. For example, should the UK Government introduce road pricing, 
then an understanding of the environmental impact from using road space would 
be useful for communication purposes.
5.2.2 - Indicators
Another lesson learnt from the construction stage of the environmental 
performance model was the choice of data to be collected.
Finding 2: There is a need for discretion when collecting data as the
supply chain is a large, complex organisation even when it has been pared 
down to one product. There are many environmental impacts arising from the 
various operations that are carried out during a product’s life cycle. Therefore it 
was necessary to decide at an early stage what data were required for the model 
to demonstrate the environmental performance of the supply chain. At first, a 
matrix approach was used, but it quickly became apparent that there were too 
many impacts to make sense of and that it was possible to group the metrics 
under certain headings. From this process, the indicators used were developed. 
The indicators were then refined and confirmed using the literature. It is for this 
reason that three environmental indicators were chosen.
Energy consumption indicator
Energy consumption was chosen because it is readily understood and, within 
business in particular, it is also recognised that energy consumption reduction 
results in instant savings. The manufacturing sites within Xerox have been 
steadily reducing their energy consumption over many years, but the energy 
consumption of a supply chain was neither well understood nor quantified.
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There are issues with collecting energy data which have to be considered 
when replicating the model. Energy consumption figures are generated in 
many different forms - energy bills in cubic metres of gas used, kilowatt hours 
of electricity, litres of diesel consumed.
Finding 3: Care must be taken when converting energy consumption 
figures into one format for aggregation. Some conversion factors include 
process energy as well as extracted energy, this means that the energy used 
to produce the form of energy that is being used is included too. This is a 
much more accurate measure of the energy associated with a litre of diesel for 
example. The analysis does not include the efficiency with which that energy 
is used, there is no measure of the actual energy used and that wasted. There 
is also a difference between energy that has been converted such as electricity 
and that which has not, gas and oil for example. However, it is assumed that 
energy purchased either from power companies or from petrol stations is then 
not available for any other process to use and so has, in effect, been totally 
consumed.
Air pollution indicator
Air pollutants emitted encapsulated another group of impacts. The production 
of energy in the form of electricity and the movement of goods by road and air 
result in a variety of air pollutants. The public are becoming increasingly 
aware that the fumes from traffic have a detrimental effect on the quality of the 
air and on health. This then seemed a sensible indicator to use as it may 
become important from a communication perspective in the future. It was also 
important that the company should be able to comprehend the level of air 
pollutants emitted now so that they can be reduced over time.
Finding 4: There is an extremely wide range of pollutants that are
emitted from industrial processes. For the non-specialist it becomes very 
difficult to judge whether it is more important to reduce the amount of carbon 
dioxide or volatile organics being emitted to the atmosphere. It was then that 
the ICI Environmental Burden Approach (1997, see Chapter 2 for more details)
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was found. This approach aggregates emissions into the impact categories 
such as aquatic toxicity or ozone layer depletion. It was found that all the 
emissions from the Xerox supply chain could be grouped under two headings: 
emissions contributing to global warming and emissions contributing to 
atmospheric acidification (acid rain). There are in effect two sub-level 
indicators within the air pollutants indicator. This simplifies the process of 
indicating environmental performance by reducing the amount of information 
required to judge whether one supply chain scenario is better than another 
from an air pollution perspective.
Other emissions to other environmental media which have not been included in 
this study are emissions to water and solid waste. Water emissions only occur in 
a significant amount at the manufacturing site and are made under local authority 
permit and registered environmental management systems. Effluent also occurs 
with rainwater runoff from roads which are polluted by the trucks that use them, 
but the relationship between surface water runoff pollution and attributing the 
cause on a unit basis is still in its infancy and so is not applied here. Solid waste 
occurs at many points along the supply chain from manufacturing sites and 
warehouses to customer premises. Within Xerox this is well documented and so 
could easily be included in the environmental performance model in the future. It 
was felt that at this time, this study should concentrate on adding value in novel 
ways to the understanding that Xerox has of its environmental performance and 
that solid waste data could be included at a later date when required.
Materials intensity indicator
Materials intensity per unit of service (MIPS) was used because it was 
considered important to measure the amount of materials entering the supply 
chain system. It is well noted that the current industrial model that the 
Western world uses is not sustainable and that the materials intensity needs to 
be increased by a factor of ten before sustainable development could be 
achieved (Jackson, 1996; Adriaanse et al, 1997). This is a strongly developing 
theme in sustainability discussions and will become more important in the 
future as it provides an analytical measurement of the ecological impact of
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services. The MIPS analysis in this research project goes some way to 
establishing that methodology within the company. The main issue with MIPS 
is that it does require that the system boundaries be extended back to raw 
materials extraction from the environment in order to show the amount of 
material ‘moved’ in order to create a steel frame for example. This would 
extend the system boundaries of the supply chain that has been studied and 
therefore the indicator results would be for different supply chain systems. 
These could be expanded in the future to included those process further up the 
supply chain like mineral extraction, but pollution and energy data would have 
to be collected too. At this moment, the research project was aimed at the 
system that Xerox manages itself and for this reason the system boundary 
extends no further than the first tier of suppliers.
It may be in the future that the company decides to make materials sourcing 
decisions based on the environmental ‘rucksacks’ (the associated environmental 
burden that comes with any product) that the MIPS methodology provides and 
would be able to justify the amount of time it would take to collect all the 
information. Declaring the environmental ‘rucksacks’ may become a requirement 
of industry in the future. There are several research groups working on the 
development of the ‘rucksack’ idea and collecting the huge amount of information 
required to assemble them (see Adriaanse et al, 1997; Liedkte & Merten, 1994).
Summary of the use of indicators in the construction of the environmental 
performance model
The use of indicators in this research project has greatly aided the analysis of the 
data collected. It has enabled the wide range of data to be aggregated into a few 
simple categories. Those categories, as shown in Chapter 4, were then able to 
be related to business performance metrics. This means that previously 
unrelated environmental information can be evaluated alongside other business 
metrics. Thus the environment can be ‘optimised’ with other business
imperatives such as physical feasibility, financial payback and resource 
requirements.
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Finding 5: Indicators only reduce the amount of information to be
analysed, they do not alter the amount of information that is required to be 
collected. The data collection stage of this research project has taken 
approximately 12 months which, in industry terms, is a long time and is a 
discouraging factor when considering this type of information-intensive model. 
This project has established a base-line level of data and also recorded where 
such information is available both internally and externally. This should mean 
that it will be a quicker and simpler process to expand the model to other 
products and different supply chain scenarios. Issues with the data collection 
phase of this project include:
a) The length of time that it took to collect the data together
b) The level of expertise required to find the information and collate it in the
same format.
The majority of the data used in this research project was generated within 
the company, the time taken to collect it was mainly a matter of identifying the
right part of the organisation to ask. This required quite a high level of
knowledge of the company, experience in requesting information and 
expertise in identifying the exact information required. Due to this, although 
the model may be used by non-specialists, it may be difficult for the non­
specialist to populate the model with the data required for the analysis. This 
is a significant draw-back of this model as it means that should there be no 
specialists available then the model may fall into disuse.
c) During data collection, lack of standard formats causes complexity in data 
aggregation.
Energy data collection, in particular, was complex in this respect. Data was 
collected from energy bills, meter readings, text books, papers and industry 
associations. Much of this data was in different formats and all had to be 
converted into a single unit which could be summed within the spreadsheets. 
In some cases this was not very straightforward and extended the amount of
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time spent during the data collection phase. Reporting data in the same 
format could be considered within the company for greater ease of collection 
and analysis in the future. Having data in the same format as an industry 
standard would also make it a simpler task to compare one company’s 
performance against another. One of the main criticisms of corporate 
environmental reporting is that the units reported are different from one 
company to the next and therefore preclude comparison (Elkington & 
Spencer-Cooke, 1996).
Summary of the findings from the model construction stage
The above section has detailed the main findings from the development of the 
environmental performance model. The selection of data to collect was found to 
be particularly important. Detail was required to give an accurate picture, but the 
amount had to be limited in order not to be overwhelming. Therefore indicators 
were chosen to aggregate the data to a manageable level. Energy, pollution and 
materials consumption were chosen to represent both inputs and outputs of the 
supply chain system. Energy data must be treated carefully, especially when it 
arises from so many sources. Pollution data needs some aggregation due to the 
large number of gaseous emissions from industrial and commercial processes. 
Materials consumption needs to be extended back further along the supply chain 
for a more accurate picture of the actual materials used. This section has 
indicated where further data is required to make this model still more complete 
and has pointed out some of the issues that must be considered when 
constructing a complex model of this size. The next section comments on results 
of the environmental performance model.
5.3 - Results of populating the model with data
Once the model of a supply chain scenario had been constructed, the next step 
was to populate the model with data. As mentioned above, data were collected 
from within the company and from external organisations and placed in the 
indicator sets. As described in Chapter 3, there is a set of results from this 
collection of data and certain conclusions can be drawn from these results. This
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section discusses the implications of the results presented in Chapter 3 in greater 
depth. Each of the results from the indicators have slightly different implications 
for supply chain management and these are discussed here. There are also 
some common themes which can be extracted from the results. This section will 
firstly discuss each indicator results and the common themes that can be drawn 
out, secondly describe the implications of the model results for Xerox and thirdly 
outline the implications for the established field of expertise in this area.
5.3.1 - Indicator results
Figure 5.1 -  Chart showing percentage split between the functional elements of
the supply chain in terms of energy consumption
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♦ Energy consumption
The results from the energy consumption indicator were discussed in Chapter 
3, there are some further insights which can be extracted and can be seen 
summarised by Figure 5.1 above. As mentioned in Chapter 3, it is the 
working life of the machine which has the largest energy consumption in the
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supply chain of that product. Closer inspection of the results reveals that it is 
the consumables part of the working life which consumes the most energy.
Finding 6 : The manufacture of paper uses by far the most energy, not 
the delivery of paper and toner cartridges nor the manufacture of toner 
cartridges. This suggests that the process of validating paper 
manufacturers’ techniques and energy consumption is important when trying 
to reduce the energy consumption of the overall supply chain. Geographical 
location is also important as this will, to some extent, dictate where the energy 
is sourced from. Is this case, the paper supplier is Finnish and uses hydro­
electric power. However, as will be seen in the pollution analysis phase, other 
indicators must be considered to ascertain the complete picture.
Finding 7: The next largest use of energy is the consumption of the 
machine itself. This is comparable with that of a domestic refrigerator and 
suggests that it will remain important to continue reducing the power 
consumption of the product. This observation is supported by the 
development of eco-labels which tend to concentrate on the reduction of 
energy consumption for electrical equipment.
Finding 8: Central commodity supply within the acquire element of the 
supply chain is the third highest user of energy in the supply chain. This 
is due to the energy-intensive production of metal frames and plastic covers 
of the machines, even though some materials are sourced from the Far East 
and USA. Again it is important that all the indicators are considered together 
as one indicator can give a misleading result. This is discussed in the next 
section.
Packaging is also a high energy user, this is due to the production of the steel 
totes (pallets) which are used with this product. As the totes have only 
recently been introduced, in the model they are counted as a single use 
package. The totes are expected to be used at least twenty times over and 
will probably last much longer than that, but, as little data on this is available,
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the reuse of the packaging cannot be factored in. The results of the energy 
consumption in the other supply chain elements: assembly, install, remove & 
return and asset recovery are more or less as expected. The main assembly 
line is a relatively large user of energy mostly in the form of heating and 
lighting. Install and remove and return are very similar as remove and return 
is the reverse install process. Asset recovery operations are not yet using 
much energy, as this is a new product it is not yet being returned from the 
field for asset recovery. The energy consumption of this element of the 
supply chain can be expected to increase in the future as product is returned 
from the customer for remanufacturing.
Finding 9: It is important to consider all the indicator results when 
making decisions about environmental action or inward investment to 
reduce environmental impact. Asset recovery operations may use a lot of 
energy, but they enable the MIPS of the product to fall as raw materials for 
assembly are replaced with materials that have had a previous life and are 
either recycled or reused.
♦ Pollution
The results from the pollution indicator are as follows:
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Figure 5.2 -  Graph showing the global warming potential from 1 year copy/print 
from 1 Hodaka machine with electricity consumption by the machine removed 
from working life:
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Finding 10: Working life is the top producer of aerial pollutants. This is 
due, in the main, to the production of electricity that the machine consumes. 
Once this factor is removed (as shown in Figure 5.2) then a closer inspection 
of the results reveals that it is the servicing part of the life of the machine and 
not the paper supply which causes the most environmental impact. The 
reason for this lies in the data that was supplied by the paper manufacturer. 
Although the supplier uses a lot of energy it is generated in a hydro-electric 
power station and for this reason there are very low emissions from the 
generation of power to supply paper manufacturing. This use of renewable 
power must be carefully monitored to ensure that future suppliers of paper do 
not switch to non-renewable forms of energy as this would produce quite 
different results in the pollution indicator of the environmental performance 
model. If the electricity that the machine used was produced from less 
polluting sources then this would also change the profile of this indicator set of 
results.
Finding 11: Within the working life of the machine, the transport element 
of the servicing results in the most kg of C 0 2 equivalent each year. This
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was not apparent in the energy indicator due to the large amount of power 
used by paper manufacturing and so did not bring servicing travel to the 
forefront of the impacts in this supply chain.
Finding 12: The main assembly operations are next in the production of 
air emissions and this is due to the electricity consumption of the plant.
This number would also change substantially should this manufacturing plant 
be situated in France. Approximately seventy percent of electricity in France 
is generated in nuclear power stations which have no air emissions of the type 
being considered here. This fact shows that it is possible to alter supply chain 
impacts by considering the supply chain as one entity and manipulating its 
parts to give the most favourable result.
Finding 13: The acquisition of raw materials contributes 40% more C 0 2 
in the transportation used to deliver the components and raw materials 
to the manufacturing site, than the actual production of the materials.
Finding 14: It is the production of the main components which
contributes more to atmospheric acidification due to the emissions from 
the manufacturing processes (to produce plastic in particular) than the 
transportation used.
The air pollution indicator is divided into two main impacts - global warming 
and atmospheric acidification. Different emissions contribute to different 
impacts on the environment and it is for this reason that there two sub­
indicators within this section. Different processes in the supply chain 
contribute to the different indicators. For example, the use of electricity 
results in more atmospheric acidification potential emissions, whereas 
transportation results in more global warming potential through the 
combustion of fossil fuels which results in carbon dioxide emissions to 
atmosphere. This difference is important to understand as in order to reduce 
air pollution, the company must look at two main areas, electricity 
consumption and transportation, in order to see an overall reduction. Also the
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production of components should be considered. Due to the fact that the 
boundaries of this research project were carefully drawn to only include first 
level suppliers, then second and third level suppliers are excluded from the 
data collection and the analysis. Had they been included then a different 
profile of pollution causation may have been seen. The manufacture of 
electronic components such as silicon chips, solder and laminate boards 
creates a large amount of chemical emissions. These may have changed the 
focus of the pollution indicator had they been included. This shows how 
important it is to understand where the boundaries are drawn and what lies 
outside them.
Finding 15: In distribution, it is the packaging element which
contributes the majority of the air pollution. This is due to the energy 
required to produce the steel totes and plastic shrink-wrap which are used to 
pack these products. As mentioned, this can in the future be ‘discounted’ 
over time as the packaging is designed to be reusable. At this stage with no 
data, it is difficult to judge over what length of time the environmental impacts 
should be ‘discounted’. Another factor to consider is that there is a repair 
process for the steel totes which will have some environmental impacts itself - 
it is not yet clear what effect these will have on the life cycle impacts of the 
totes. The assumption has been made within Xerox that reusable packaging 
is better for the environment than non-reusable packaging.
♦ Materials Intensity
Materials intensity per unit of service is the measure of the service level 
achieved from an amount of resource consumption. When analysing the 
results it is easier at first to look at the actual resource consumption and then 
secondly at the material intensity achieved.
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Figure 5.3 -  Chart showing the percentage split between supply chain 
functional elements in terms of absolute materials used (kg).
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Finding 16: The working life of the machine consumes the most
resources and therefore causes the most environmental impact. This 
needs to be considered carefully as one of the issues with resource 
consumption data analysis is that it assumes that more resource consumption 
is worse without actually considering the environmental differences between 
consuming different resources. For example, the largest resource consumed 
during the working life is paper, however paper is derived from a renewable 
resource and the suppliers used are carefully vetted regarding their forestry 
management activities. Therefore, although a lot of paper is used, it is 
potentially not as damaging to the environment as the use of fossil fuels or 
plastic manufacture for example. The proponents of resource intensity 
analysis would not agree with this as they consider all resource use to be 
equally damaging. Whilst attempts can be made to reduce all resource 
consumption, due to a limited ability to act on all resource consumption, it is a 
more pragmatic approach to act first on those resources which are finite or 
relatively more damaging to the environment.
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Finding 17: The second largest resource consuming element within the 
Hodaka supply chain is acquire. This is due to the amount of fuel that is 
used to transport the raw materials to the manufacturing site. This is an 
indicator that supplier sourcing profiles could be made more local and thus 
more environmentally responsible. A decreasing use of resources is then 
seen throughout the rest of the life cycle of the product. This is an expected 
result as most materials are used during the machine’s life to keep it working 
(i.e. paper consumption) and then at the beginning of its life to create it (i.e. 
the acquisition of raw materials).
The section above describes the resources used by Hodaka throughout its life 
cycle in absolute terms. Materials intensity is a relative level of the amount of 
resources consumed to provide a unit of service from that machine. The unit 
of service for Hodaka is one copy made.
Finding 18: It is found that for every copy made there is an associated 
resource use of twenty grammes. An A4 piece of paper weighs 
approximately three grammes, this indicates that there are an extra seventeen 
grammes of associated materials consumption with that copy. This is what 
the Wuppertal Institute have called an ‘ecological rucksack’. In the future this 
could become an important marketing tool as products compete to have the 
smallest ecological rucksack for environmentally responsible products.
Finding 19: Packaging has a profound impact on the distribution 
element (by a factor of 5). This is because the steel totes are very heavy as 
they are designed for robustness and reuse. If it was assumed that they were 
used at least twenty times then the totals could be divided by twenty which 
would result in a materials consumption of 2.5 kg per trip which would seem 
much more realistic. The ore and mining associated with the steel has not 
been included as the system boundaries of this project are set at the first tier 
suppliers. It would make an interesting discussion to compare the associated 
mining materials for the steel tote with the alternative materials used which 
would be a wooden pallet with cardboard boxes. It is difficult to make a
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judgement on this as there are many materials which would be used to make 
the cardboard and mill the timber to make the pallets.
5.3.2 - Common data themes:
The section above describes the results of the model in each of the three 
indicator sets. This greater depth of analysis allows some common themes to be 
drawn out of the model. These are discussed below:
Theme 1: Working life causes the most environmental impact:
All three environmental indicators have shown that the working life of the 
machine has the most environmental impact throughout its supply chain. It is not 
the same sub-process within the working life that has the largest impact for all 
three indicators. Energy consumption and resource consumption are clearly 
focused on paper manufacture and consumption, whereas more air pollution is 
produced by the transport involved in servicing the machine. This shows that it is 
necessary to look at both environmental inputs and outputs from a system to 
appreciate the full impact of that product. This result is similar to the washing 
machine example discussed in Chapter 3.
Disposal options are not discussed here as this is a new product and it has yet to 
be retrieved from the field. For other, more mature supply scenarios it would be 
necessary to look more closely at asset recovery operations, the amount of 
reuse, recycle and remanufacture from each machine and the disposal options 
which were used. This would affect the materials intensity of a product over time. 
For example, as a new product is placed on the market there is very little return 
and so the materials intensity is quite low. As the product becomes more 
mature, machines start to return from the field and their components are able to 
be used in new and remanufactured machines which return to the field for 
another life, thus raising the intensity with which materials are used. As the 
machine nears the end of its life span due to technological advance, products will 
return from the field and their components will no longer be able to be used in
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new machines. Materials will be recycled by third parties or scrapped according 
to market requirements and the materials intensity will decrease.
Theme 2: Remove and return/asset recovery operations have the least
environmental impact:
All three environmental indicators also show that remove and return and the 
asset recovery operations have the least environmental impact. The main reason 
for this has been described previously: Hodaka is a relatively new machine and 
is not yet being returned from the field for remanufacturing. The machines which 
are returning are the few that have been out on customer demonstrations and are 
returned for a light clean and repair before returning to service again. This 
means that there is currently very little impact to be seen from the end of life 
options for Hodaka. Over the next five years this would be expected to change 
as more are returned for upgrading and integration into newer models.
Theme 3: Environmental impact decreases over the life cycle:
Working life has the largest environmental impact of any stage of the supply 
chain. If the other stages are considered as they appear through the life cycle of 
the machine, then it appears that the environmental impacts reduce throughout 
the supply chain. Bearing in mind the two themes above, this is not surprising. 
Across all three environmental indicators, on average, acquire has the next 
largest impact (after working life), then assembly, distribute, install, remove and 
return and asset recovery operations. The table below summarises the ranking 
of the impacts in terms of volume with one being the greatest impact. No value 
judgements are made, this is presented purely from an absolute number 
perspective.
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ENERGY POLLUTION MATERIALS
ACQUIRE 2 3 2
ASSEMBLY 4 2 3
DISTRIBUTION 3 6 4
INSTALL 5 5 5
WORKING LIFE 1 1 1
R&R 6 7 6
ARO 7 4 7
It is due to the inclusion of transport in the acquire phase that this stage creates 
more environmental impacts than assembly. If the components and raw materials 
were sourced at a more local level, then assembly may well cause more 
environmental impacts than acquire. Install and remove and return are very 
similar, the only difference being the inclusion of training in install. The relatively 
small environmental impacts from asset recovery operations have been 
discussed above.
Theme 4: Packaging causes the largest environmental impact within the 
distribute phase. As there are no returns factored in yet for the packaging 
designed, its impact is misleadingly high. This will change over the next few 
years as the number of return loops that the packaging makes is established. It 
will be important to establish as, not only are Xerox interested in the return on the 
investment they have made in this expensive packaging, but companies are now 
having to report on the amount of packaging they use in each year. The 
producer responsibility (packaging waste) legislation 1997 requires that a 
company should declare to the UK Environment Agency the amount of packaging 
that they use in each year. The company then has to collect and recycle a 
certain amount of packaging. Any reused packaging can be subtracted from a 
company’s packaging obligation. Knowing exactly how many times a steel tote 
travels through the supply chain becomes very important, as the legislation states 
that packaging cannot be subtracted from the collection obligation unless it has 
been reused at least three times. Once this information has been established
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then the company can use it to offset its packaging obligation and to add into this 
research and reduce the impact of the packaging within the distribution element 
of the supply chain.
5.4 - Recommendations and implications from the construction of the 
environmental performance model:
The sections so far in this chapter have discussed lessons learnt from the 
construction of the model, the findings from the results obtained by populating the 
model with data (thus validating it) and some common data themes across the 
three indicators chosen. These findings also generate a number of 
recommendations for Xerox Ltd and for the field of expertise in this research 
area. These are listed below:
5.4.1 - Implications for Xerox Ltd:
a) The company now has the ability to prioritise environmental action:
The model has made it possible to prioritise action to reduce environmental 
impacts and this has been brought out above. This was one of the major aims of 
this research. The supply chain is a large, disparate, complex organisation with 
many environmental impacts. Many of these had been tackled to a certain 
extent, but it was difficult to know where to direct efforts next. This model shows 
that the working life is the most environmentally damaging part of the supply 
chain for a number of reasons. The company could source paper more locally to 
reduce impacts from the transport element of the paper use and the company 
could work closer with its suppliers to ensure that they were using the most 
environmentally responsible methods of paper production.
Also within the working life, most air pollution was produced by the transport 
element of servicing i.e. the journeys that the service engineers made to the 
products. To address this issue, Xerox could have more service engineers who 
travel less far, could design more reliable machines that required less servicing, 
could spend more time training the customers to ensure that they were not
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causing the faults seen with machines. The environmental impacts from acquire 
could also be addressed by managing the supplier sourcing profiles from an 
environmental perspective. This is discussed in greater depth later. As can be 
seen from these points, it is relatively straightforward to see exactly where the 
environmental ‘hot spots’ are within the supply chain and thus, devise ways of 
mitigating that environmental impact without having to address all environmental 
issues throughout the supply chain. This is similar to pareto analysis where the 
main root causes of problems are sought out to address an issue without getting 
overwhelmed by detail.
b) The model has been shown to be easy to use:
Detail is provided by the environmental performance model, but it also removes 
the complexity of all the environmental impacts arising from an entire supply 
chain. By using the environmental indicators, it is possible to communicate to 
non-specialists, both internal and external to the company, about the 
environmental impacts caused by supply chain operations. As the indicators 
have aggregated the environmental impacts to a certain level, then a large list of 
impacts does not have to be presented in order to understand the whole 
environmental impact of the supply chain. Should the company wish, this data 
could be published as it is ‘real’ data, but does not overburden the recipient with 
detail. From a company perspective, aggregating to a certain level is 
advantageous as it means that although the company is publishing meaningful 
data, it is difficult to see exactly what were the sub-processes that caused those 
environmental impacts. In this way, a certain level of confidentiality is maintained 
for the company, whilst still informing the reader. This disclosure is important 
and is required by EMAS registration. It may be in the future that the supply 
chain can use these environmental indicators to publicly declare its 
environmental impact as part of an EMAS accreditation.
c) Suppliers are important to improve environmental performance in 
supply chains:
A clear recommendation from the model results for the company is to look very 
carefully at suppliers’ activities. It is evident that suppliers’ actions have a large
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impact on the environmental performance of the Xerox supply chain. This would 
become even more evident if the environmental impacts of the suppliers’ 
operations were also included in this analysis. Components from suppliers would 
bring their ‘ecological rucksacks’ on which buying decisions could be made. The 
acquire element of the supply chain would become even more significant.
It is not just the actual activities of the suppliers themselves, but where Xerox 
chooses to source its raw materials. Currently the Hodaka supply chain sources 
raw materials and components from all over the world, but there is a 
predominance of European and Far Eastern suppliers. This sourcing pattern is 
fairly typical of many Xerox products’ supply chains. Changes in global currency 
markets will influence the decisions made when sourcing raw materials. For 
example, the Far Eastern currencies have de-valued dramatically and means that 
it is cheaper for stronger currencies to purchase goods in those countries. This 
current case may continue for some time and so by exploiting the economic 
advantages of currency fluctuations, Xerox is increasing the environmental 
impact of its supply chain as more materials are sourced at considerable 
distances from manufacturing plants. There is a supplier environmental 
programme within Xerox which encourages environmentally responsible 
behaviour, but the results from this model add extra weight to the reasons behind 
continuing and extending the programme. The company could become much 
more stringent in enforcing the requirement for environmental credentials from its 
suppliers. This implication of the results also reinforces other work and research 
programmes which have been looking at the upstream supply chain from an 
environmental perspective. This is discussed at greater length later in this 
chapter.
d) Energy consumption is shown to be a significant factor:
Another important element for Xerox that arises from these results is that it 
provides added imperative to reduce the energy consumption of working 
machines. Hodaka compares favourably with a domestic refrigerator in terms of 
energy consumption, but this remains a large impact within working life. 
Reducing the electricity used by the machine will not only benefit the
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environment, but will benefit the customer who pays for the energy that 
equipment uses. This can only lead to more satisfied customers for whom 
running a Xerox machine becomes a cheaper option. This in turn becomes a 
marketing tool for Xerox, which is further able to exploit the market, particularly to 
very price sensitive customers. As consumers are seeking water and energy 
efficient washing machines now, this may also become the norm for office 
equipment as companies realise the potential to reduce their energy bills through 
energy efficient office equipment. The energy efficiency can only be altered by 
the product design teams during the inception of the product. Traditionally it has 
proved difficult to influence these teams as often ‘problems’ with equipment are 
only realised once the products have been developed. This environmental 
performance model shows clearly that there is an environmental impact which 
can be reduced through different design.
e) The environmental base case is established and should be maintained:
The last recommendation for Xerox from the model results is that now a base 
case has been established it should be maintained and updated at regular 
intervals. This will be necessary to keep the information in it current and useful. 
For example, the way in which spare parts are delivered to service engineers in 
the UK is changing. Xerox UK is taking up a programme called Direct Engineer 
Replenishment (DER). Spare parts are delivered direct to the service engineer at 
his home or post box. This negates the need for local warehouses which will 
mitigate some environmental impact from the supply chain, but the programme 
may increase the amount of transportation involved in delivering parts. Parts will 
be packed to order in a main warehouse and then sent to the engineer by a third 
party courier. The courier will consolidate loads, but to what extent is unclear. 
Once the process is fully developed, it should be mapped using the 
environmental performance model to ascertain which is the environmentally 
preferable option. This is one of the purposes for which the model was designed, 
however it requires current information to support current decisions.
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5.4.2 - Implications for the established field of expertise:
The section above summarised the implications and recommendations for Xerox 
Ltd as a company from the results of the environmental performance model. 
There are also a range of confirmations and new implications for the established 
body of knowledge in this area of logistics performance and greening supply 
chains.
a) The upstream supply chain has a large effect on the environmental 
impact of the whole supply chain. The model confirms that looking upstream 
at suppliers does make sense when attempting to reduce overall environmental 
impact. Both B&Q (1995) and Lamming and Hampson (1996) have based their 
efforts on reducing environmental impact by advocating careful consideration of 
the upstream supply chain. Lamming and Hampson (1996) suggest that the 
rising environmental pressure can be addressed through the purchasing function 
and this does seem to be the case in the Hodaka supply chain modelled here. 
The acquire function of the supply chain is important from an environmental 
perspective in terms of transportation and process energy and resources used to 
make components. Both B&Q and Lamming and Hampson recommend auditing 
suppliers for environmental responsibility, neither of them suggest collecting the 
sort of information that has been assembled by this research project to build 
quantitative reviews of supplier performance. Xerox is also auditing its suppliers 
from an environmental perspective as part of its quality reviews with suppliers. 
This too is yielding mainly qualitative type information such as environmental 
policies and statements from suppliers. Life cycle analysis also mentions the 
importance of suppliers. Life cycle analysis is, by default, dependent on the 
‘interconnectedness of commerce’ to provide its results. Very few products are 
manufactured entirely by one company, usually many companies are involved in 
the production of complex goods. Supplier-provided information becomes very 
important when collecting the information necessary to populate an LCA.
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b) A holistic view is the most accurate one:
Another point which builds on the previous one is the importance of looking at the 
total supply chain. The model confirms that it is necessary to consider the whole 
supply chain of a product in order to ascertain exactly where the environmental 
‘hotspots’ are. The expectation is that it is the assembly of the product that has 
the largest environmental impact. But this is not the case. A more enlightened 
view is that it is the working life of the product that has the biggest environmental 
impact. This is the case, but it is not due to the energy consumption of the 
machine itself, but rather the consumption of paper and the transportation 
involved in servicing the machine. All aspects of the supply chain must be 
considered (Ploos van Amstel & Verstegen, 1991; Chow et al, 1995; Penman, 
1994; Wu & Dunn, 1995; Hastings, 1996; Epstein, 1996; Stora, 1997), in order 
to take a total systems approach. This is exactly the approach that this research 
has taken and the justification for it has been shown by the results of the model 
developed.
Many of these authors, when recommending looking at the whole supply chain, 
did not include the actual use of the product in that supply chain. This has been 
shown, by the environmental performance model, to be the most important area 
as far environmental impact goes. Clift (1998) also mentions that it is the life 
cycle of the product and not just its supply chain which is important too. This was 
considered as such by this research project because it is the working life of the 
product that generates the most revenue for the company. Many Xerox 
machines are used on ‘full service contracts’ where the machine is leased to the 
customer, uses Xerox paper and toner cartridges and is serviced by Xerox 
engineers. For this reason, Xerox is interested in the environmental effects that a 
machine has during its working life, as it retains ownership of the machine and is 
responsible for removing it at the end of its life.
c) Indicators do provide a sufficient level of detail whilst reducing 
complexity:
It is not necessary to record every single environmental impact, it is possible to 
look at certain aspects of the supply chain and use those to indicate a level of
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environmental impact. This is exactly what the environmental indicators used in 
this research project do. New & Payne (1995), in particular, emphasise that it is 
important to look at the whole supply chain, but to a certain level. This holistic 
view is stressed by the above sections too. Use of the indicators has enabled a 
good level of detail to be collected in a much shorter time - an important 
consideration when dealing with industrially relevant research. A further 
discussion on indicators can be read in Chapter 3. Azzone et al (1996) mention 
that indicators are very good for communication purposes with stakeholder 
groups as they reduce the level of detail required to be communicated before a 
whole picture can be understood. It is important that indicators should have a 
certain ‘resonance’ with their target audience and it may be that different 
indicators can be used with different groups to increase their meaningfulness to 
each group.
d) Transport is not the only environmental consideration in supply chains
The results of the model demonstrate to those practitioners who are only 
concerned with the environmental impacts of the transportation from supply chain 
that although transport is an important environmental impact it is not the most 
important one in terms of size. Cooper (1994) mentions that transport in the 
supply chain is the key to reducing environmental impact. Certainly, this is true, 
but the results of this model have shown that it is the use of consumables during 
the working life of the machine that creates the largest environmental impact for a 
photocopier. Depending on which indicator is being discussed, transportation 
also takes second place when considering the acquire function of an integrated 
supply chain. Cooper (1994) would certainly mitigate environmental impact by 
reducing transport, but would be missing some of the other important impacts. 
This shows both the need to look at all supply chain functions and the need to 
consider a range of indicators, just looking at energy consumption or pollution is 
not enough to develop a complete understanding of all the environmental 
impacts. Ebner et al (1995) are other authors who only considered transportation 
in their environmental analysis of the supply chain.
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Giuntini (1996) suggests that materials management is the key to reducing 
environmental impact of supply chains. This too is worth considering, but it does 
not allow for the fact that some resources are more scarce or more 
environmentally damaging than others. If all resources are given the same 
priority and are reduced to the same levels this would reduce the environmental 
impact of a supply chain. This would not allow any prioritisation for action 
between the supply chain elements and inevitably it would be the most simply 
reduced resources that would be tackled first, not necessarily those causing the 
most environmental damage. Giuntini (1996) offers reverse logistics as a 
panacea to supply chain environmental impacts as the return of materials will 
result in greater use of those materials. He does not consider the environmental 
impacts that arise from reverse logistics operations from a transport perspective, 
or from the energy and resources that are used to convert those used materials 
into useful materials again.
e) Planning capability is provided by the model
Many authors reviewed in Chapter 2 mention that it is important to have planning 
capability with any environmental measurement system. Brown & Laverick 
(1994), James & Wehrmeyer (1994) and Haines (1993) all stress the usefulness 
of a model which is able to be used for future planning activity. Cooper (1991) 
mentions the paradox that logistics is facing in Europe with increasing amounts of 
transportation demanded, but legislation encouraging a reduction. Modelling with 
planning capabilities, he suggests, will enable companies to overcome this 
paradox. These observations tie in neatly to the next stage in this discussion 
which is the results and implications from the model application stage.
5.4.3 -  Summary of the findings from constructing the Environmental 
Performance Model
The results and recommendations from the development and population of the 
model have been discussed.
♦ It has been found that the model has resulted in a number of key lessons for 
both industry and logistics researchers.
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♦ Using such a model it is possible to prioritise environmental action and 
communicate performance information to non-specialists.
♦ The results have confirmed that supplier action is important to the 
environmental performance of companies further down the supply chain and 
has reinforced the assumption that improvement in a product’s environmental 
performance should remain a prime concern for companies.
♦ From a research perspective, the work on supplier activity should be 
maintained.
♦ The assumption that a holistic view of complex systems such as supply 
chains yields more accurate results has also been confirmed.
The next stage in this research project was the application of the model to 
business planning. The next section summarises the research findings from that 
stage and discusses the implications that the results have generated for the 
company and for further research.
5.5 - The application of the model to business planning
To recap, there are two objectives of this research project:
a) To develop modelling capability of the environmental impacts in a supply 
chain organisation.
b) To enable the environment to be considered in the strategic planning process 
of the supply chain organisation.
The first section of this discussion and conclusion chapter has shown that the 
first objective was met by the development of an environmental performance 
model. Data was collected and used to populate the model and the results were 
analysed. The findings from these stages in the construction of the 
environmental performance model have been discussed previously in this 
chapter.
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The second objective of this research project is to apply the environmental 
performance model to business planning so that the environment becomes part 
of strategic planning. This was done by relating the environmental support model 
to a standard business metric. The process for achieving this was to look at the 
way in which decisions are made at Xerox, the standard business metrics which 
are used to indicate performance of the supply chain and how the model fits in 
with these formal processes. The application of the environmental performance 
model raises a number of considerations for Xerox Ltd and for the field of 
environmental management in general. This section discusses those 
implications in greater detail.
5.5.1 - Implications for Xerox Ltd:
a) Establishing the environment in strategic planning is made more 
complex by the detailed measurements used by the company
The process of applying the model to the business was a more complex process 
than originally envisaged. At first it appeared possible to ‘optimise’ the 
environment alongside other supply chain metrics, thus giving it the same weight 
as financial metrics or customer satisfaction indices. It became apparent that 
this would not be realistic as the environmental information would be too easy to 
overlook in this situation. Currently it is difficult for companies to place a value in 
business terms on less financially oriented metrics. Therefore it was decided to 
relate the environmental performance model to one of the most important supply 
chain and Xerox metrics - customer satisfaction. Even this was not 
straightforward due to the lack of clarity regarding the relationships between 
metrics used at Xerox. This is due to the level of complexity that exists within 
organisational groups in Xerox. Metrics which are used within groups are related 
to the top level measurements used to consolidate results, but are not 
necessarily related to each other at a lower level.
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b) Management systems are elaborate, making it difficult to place the 
environment at the most effective level in the organisation
Another layer of complexity is added when the decision making methodologies of 
the company are explored. The metrics are the tools which enable decision 
making to occur and there is also a hierarchy of decision making methodologies 
depending which level of the company is in question. This means that there is 
little advantage in concentrating on a low level in the organisation as the metrics 
which are used to make the decisions at that level will be lost as the decision 
making hierarchy is climbed. Similar to metrics from one part of the company 
and another, it is not always clear how these decisions making processes fit 
together. It is necessary to place the environmental performance model carefully. 
In order for the environment to be considered in supply chain planning, it is vital 
that it is included in the strategic planning processes and not at an operational 
level. The environment requires managing at an operational level in order to 
make performance improvements but a strategic focus is also needed to raise 
the environment to the top of the decision making hierarchy.
c) The choice of metric with which to align the environmental performance 
metrics was very important.
As mentioned above, the metrics that could have been used to reflect 
environmental performance are numerous. It was important to choose a metric 
which was familiar to the majority of people within the organisation, instantly 
recognisable and readily applicable to every part of the organisation. For this 
reason, customer satisfaction was chosen. The pursuit of customer satisfaction 
is pervasive throughout Xerox and the metric is widely used in various forms at all 
levels of the company. Should other metrics be chosen in the future, 
commonality throughout the company is an important consideration.
d) The relationship between environmental satisfaction and overall 
customer satisfaction requires actual causal links to be established
As it was customer satisfaction that was chosen, it was fortunate that Xerox 
measures levels of environmental satisfaction within this overall metric. As 
shown in Chapter 4, it was then possible to establish the relationship between the
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levels of environmental satisfaction recorded and the level of overall customer 
satisfaction recorded. Although this relationship was not as strong as was hoped, 
it does provide the mechanism for raising the environment onto the senior 
management agenda. This the causal links in this relationship should be 
determined so that it remains on the corporate management agenda and part of 
board level decisions. The environmental questions in the customer benchmark 
survey should therefore remain and be reviewed periodically to ensure that they 
are addressing the important environmental issues of the day. Transportation 
and the environment may well be of concern to future customers and therefore 
the environmental satisfaction questions could be tailored to reflect that.
e) With the environmental performance model, Xerox now has strategic 
planning capability for the environment in the supply chain
Notwithstanding all the difficulties that arose with aligning the environment with 
business metrics, Xerox now has strategic planning ability at an environmental 
level. The relationships between metrics should be explored still further. There 
is a mechanism within the company which does this to a certain extent and is 
called ‘golden threads’. This links all the activities of an organisation to customer 
satisfaction and it is for this reason that customer satisfaction was chosen as the 
basis for the environmental performance metrics relationship. This makes it 
possible to include the environment in decision making at a strategic level. This 
is important because strategic decisions commonly affect the company’s 
performance and activities over 3-5 year periods and so will dictate investment 
into projects and expected performance levels over that length of time. Xerox 
should also look further than that. By applying the environmental performance 
model to business planning it will be possible to imagine different scenarios in the 
future. For example, not only does the company affect the environment 
adversely, but the environment could affect the company adversely in the future. 
Shortages in resources could lead to more expensive products with lower profit 
margins and sourcing difficulties.
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This section summarises the findings of the application stage of the model for 
Xerox Ltd.
♦ In general, the process would have been more straightforward had the 
management systems and the measurements been simpler. Xerox is a large, 
multinational company and it is not unusual in having complicated 
management systems. The proliferation of metrics within the company 
makes data collection easy, but relating one set of metrics to another difficult. 
Although all metrics are, in theory, tied into the 4 main corporate goals, it is 
complex to forge these links at a lower level.
♦ In order for the environment to be integrated fully, it requires a strong 
relationship to be forged with a top level business metric. It has been shown 
that is feasible to do this, but the causal links in this relationship need 
establishing through further investigation and understanding in order to keep it 
on the senior management agenda. It could be strengthened through more 
communication to help employees understand the company’s impact on the 
environment and through scenario planning to imagine what may happen 
should the environment become a more competitive issue than it currently is. 
The next section discusses the implications that the application stage has for 
the general field of environmental management.
5.5.2 - Implications for the field of environmental management:
a) The distinction between environmental management and general 
management can be removed
Many of the points raised above for Xerox are also salient for more general 
application across the field of knowledge surrounding corporate environmental 
management. Much has been written about strategic environmental 
management (see Shrivastava, 1995 for examples) and how important it is to 
raise the environmental agenda to board level. However, very few authors 
actually offer a methodology for doing this. The development and application of 
the environmental performance model described above in this research project 
shows one such methodology. It demonstrates to Shrivastava (1995), Cahan &
138
Schweiger (1994), James & Wehrmeyer (1994), James & Bennett (1993), 
Lamming & Hampson (1996), Porter & van der Linde (1995) that it is possible to 
incorporate the environment at a strategic level. The importance that these 
authors place on making the environment a strategic issue is summed up by 
Cramer (1998): ‘ambitious environmental objectives can only be achieved if 
senior management is behind them because ultimately they call for strategic 
choices by senior management. Consequently the distinction between 
environmental management and general strategic management of a company 
narrows’. This removal of the distinction between the environment and strategy 
management is made possible by relating the environment to a well-used and 
well-understood metric such as customer satisfaction.
Cramer (1998) also makes recommendations regarding how further research can 
be carried out into the blurring of this distinction. She recommends that the 
processes underlying the decision making should be investigated along with their 
driving forces. An examination of the decision making processes at Xerox has 
shown that customer satisfaction is one of the main underlying forces. 
‘Understanding the complex interactions requires an insider’s view’ (Cramer, 
1998), a point raised in both the data collection and interpretation phase and in 
the application of the environmental performance model. Cramer’s suggections 
can be further enhanced by the clear determination of the actual causal links 
between the environment and customer satisfaction.
b) The environmental performance model and its application do not provide 
a means of comparison with other companies
The environmental performance model and its company-specific method of 
application does not lead to the creation of league tables of companies’ 
performance to help compare results. Although the company may have a much 
better understanding of where its environmental impacts arise and how to plan for 
them, it is not necessarily the best tool for communicating. The tool can be used 
to communicate as mentioned above, but if no other company is reporting the 
same information then customers cannot make direct comparisons between one 
company’s performance and another. Even customer satisfaction cannot be
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compared, for while many companies will measure it, their methods will certainly 
be different and so may yield different results. Yet again, the customer is left 
without a proper method of comparison. This cannot be solved by one company, 
there must be co-operation across industry to create similar measurement 
systems. ICI attempted this in the chemical industry with their Environmental 
Burden Approach (1996), but the company has been unsuccessful in persuading 
other companies to report the same level of detail and thus create league tables. 
Business in The Environment, a charitable organisation, did create league tables 
of environmental performance but, without inside research, they had to rely on 
published information and questionnaires. Companies do not always publish all 
that they could due to competitive issues or risk of litigation. Until a unified 
methodology can be constructed, league tables of environmental performance 
will remain inaccurate and incomplete. Further research is required into industry- 
generic ways of applying the environment to business so that business can 
assess and report its performance.
The above section describes the main points that can be taken from the 
application stage of the environmental performance model.
♦ The complexity of the internal management systems at Xerox did not make 
the task of applying the model to business planning an easy one.
♦ The choice of metric with which to align the environmental performance model 
was a critical one. A metric which was widely understood, of strategic 
importance, well recorded and that the environment could actually be related 
to was required.
♦ The measure of customer satisfaction was chosen. Unfortunately the link was 
not as strong as was hoped and the company should attempt to strengthen 
this link as much as possible in order to maintain focus on the environment at 
a strategic level.
This research confirms the supposition by many practitioners that the 
environment can be integrated at a strategic level. The reason that many of them 
do not recommend how to do it is also demonstrated by this research - it is not
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particularly easy to do! The next section in this discussion describes the barriers 
to change that exist both in Xerox and industry in general.
5.6 - Barriers To Change
This section discusses the barriers to changing strategic planning to incorporate 
the environment. These barriers are not unique to Xerox, but could be applied 
across industry in general. Suggestions to overcome these barriers are made.
♦ Financial valuation
Companies are so accustomed to considering everything in financial terms that 
they are often blinkered to other drivers for change. In this research project there 
has been no attempt to valorise the environment, efforts to do so have not been 
very successful. It is very difficult to place a value on something which has 
different meanings for different people. Quantification of the environment in 
financial terms has been tried using a number of methodologies such as cost 
benefit analysis, contingency valuation and hedonic pricing. The results are 
always treated somewhat sceptically as the sample groups used to create the 
evaluation are usually too small to represent a true cross-section of society. 
Different cultures may place different values on the same issue depending on its 
significance to them. People’s proximity to environmental issues, for example a 
landfill site, open cast coal mine or busy road, will colour their judgement towards 
other environmental issues. Although environmental accounting is 
recommended by many (see Milne, 1994), it is recognised that traditional 
accounting techniques are not able to integrate environmental concerns 
adequately. It is exactly those techniques which are used within companies to 
show performance. Without financial quantification it could be argued that the 
environment will never become top of the management agenda and be used as a 
key driver for the business. Either the environment debate has to be prepared to 
take second place to questions of profit and loss or it has to be valorised so that 
it forms part of that profit and loss statement.
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It is not within the scope of this research project to change the accounting 
systems at Xerox Ltd, therefore an alternative way of raising the environment to a 
senior management issue was sought out. As described in Chapter 4 and this 
chapter, the measurement of customer satisfaction has been used to relate the 
environment to a core business metric. The measure of customer satisfaction is 
itself, not financially quantified, although its value is understood within the 
company. If a company can become accustomed to dealing with a non-financial 
measure such as customer satisfaction then it may be possible to introduce other 
such measures in the future.
♦ Focus on shareholder value
It is shareholders who drive a company to increase its profits every year. If the 
environment cannot be shown to make a beneficial impression on the bottom line 
then shareholders may not see the advantage in knowing and acting upon 
environmental impact data. A company will continue to provide shareholder 
value in financial terms as long as that is what shareholders are interested in. 
Therefore it is not just the company that must be convinced to take on ‘softer’ 
measures, but the shareholders also. This will take much longer to do as the link 
between profit and environmental action at a strategic level is difficult to show. 
This research project shows that the link can be made but, as yet, it is a tenuous 
link because it is very company specific. The methodology employed here is not 
easily transferable to another company. This means that as there is no industry 
standard which shows the ‘value’ of the environment as yet, it becomes more 
difficult to persuade shareholders to accept strategic environmental action as 
worthwhile. Shareholders are a large group of organisations and people, ranging 
from financial institutions and other companies to the individual investor. It is the 
role of the modern company to provide this set of people with dividends on their 
investment as the confidence of investors can influence the customers’ mindsets 
and hence sales and future profitability. Not only does the company have to have 
the capability of providing the shareholder with environmental information, but the 
shareholder has to understand the meaning of it and require the company to 
provide the information.
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The Storebrand Scudder Environmental Value Fund (1997, discussed in Chapter 
2) does equate environmental action with profit share. It is an investment 
portfolio which seeks companies which perform well economically and 
environmentally. It does not judge the strategic content of that environmental 
performance or consider how pervasive those environmental values are in the 
company. In this way, the fund is only a differentiator between companies as it 
assumes that being environmentally responsible results in increased profits. This 
has been shown to be the case with many companies to a certain extent. 
Cramer (1998) discusses where this ‘extent’ lies - companies will do only that 
which fits their culture and priorities. If a company has done little to improve its 
environmental performance then there is a strong likelihood that, at first, it will 
make cost savings and become more efficient. As time passes, the 
environmental effort required is greater in order to keep improving the 
performance and it may be that the environment no longer becomes a method of 
saving money, but instead becomes a net cost in the medium term. The 
company may be ensuring its long term sustainability in terms of the 
environment, but may become economically unsustainable in the short term. 
Shareholders do not tolerate poor economic performance for long and will 
withdraw their funds from the company. The Storebrand Scudder Environmental 
Value Fund is not able to reflect this long term sustainability as it is based on 
financial performance.
♦ The short term perspective
The short termism that is seen in investment decisions is also apparent within 
Xerox itself. Due to the financial incentive provided by shareholders on a 
quarterly basis, the company consistently looks to maximise its profits in this 
timeframe. This does not allow for the long term view that it is sometimes 
necessary to take with the environment. The company would not allow those 
risks to be taken. For example, the Far Eastern currencies have devalued 
dramatically over the last 18 months. Companies, such as Xerox, will take 
advantage of this by sourcing their raw materials from these countries as it is 
cheaper than traditional, possibly European sources, for raw materials. As the 
results in Chapter 3 demonstrated, it is the transport element in the acquisition
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phase of the supply chain that creates one of the biggest environmental impacts. 
Sourcing raw materials from the other side of the world can only increase this 
negative environmental impact and thus the environmental performance of the 
supply chain will decrease in the short term, while its profits increase. This 
imperative is too strong for many companies, including Xerox, to ignore. While 
they may wish to be more environmentally responsible, the shareholder incentive 
to be more profitable will take precedence. Thus the environment will remain 
marginalised in decision making processes until shareholder values change or 
financial measures are developed.
♦ Environmental pervasiveness
Relating the environment to a core business metric does help to raise the issue 
to the senior management agenda. From this point the environment can 
become, as discussed, part of strategic planning processes. This does not mean 
that the environment will become pervasive throughout business planning. Only 
when employees understand the importance of the environment to their work 
processes will the environment become as important as customer satisfaction. 
Recently Xerox spent over one million dollars training all their employees to 
consider the customer at every juncture. Unless the environment becomes as 
important a business imperative as customer relations are perceived to be at 
Xerox, this level of investment in training will never be made. Kotter (1995) 
mentions that changes within organisations will fail if the change is not 
institutionalised - if it is not formalised into the company’s culture. He also 
suggests that the change must be shown to make a positive difference to 
performance. It must also be firmly established in the senior management 
agenda and remain there through successive generations of top management. 
This would involve a great deal of investment in terms of time and money in order 
to ensure that new management would bring their environmental imperatives to 
the board room with them.
♦ The pace of technological development
In the electronics industry there is a great deal of technological change occurring. 
Recently Xerox has made the leap from analogue technology to digital
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technology. The product used as a base case in this research project is one of 
the new wave of digital products that Xerox is introducing. The technological era 
of document processing technology is a rapidly developing one. The change in 
technology is increasing at an exponential rate and this, in the medium term at 
least, does not bode well for environmental performance. This technological 
advance means that the features of products are upgraded very quickly, a 
product may have very advanced capabilities from one year to the next. This rate 
of change in technology is expected to increase and continue increasing for some 
time. Thus there is a technological pull away from the environmental principles 
of longevity, reuse, and reduction in material consumption. Products will have 
shorter working lives with the customer as new features will encourage faster 
upgrades. The upgrading will mean that there will be a greater amount of 
obsolete parts which are unable to be reused in new technologically advanced 
machines. This will counteract many of the environmental advances that Xerox 
has been able to make in the past and represents a challenge to the asset 
recovery organisation within Xerox.
Not only are the products themselves developing faster and encouraging 
upgrades, but the products are designed to encourage increased use of 
consumables such as toner cartridges. Connecting a printer/copier to a 
computer network tends to increase the amount of printing that people do due to 
the ease of sending documents to be printed. Therefore more toner is used 
creating those documents, and more toner cartridges are used in the process. 
Again, this creates more environmental impacts and decreases environmental 
performance.
It should be clear from the above comments that the environment is far from 
being an integral part of Xerox’ and other companies cultures. As shown, this is 
not necessarily the direct fault of the companies, but by those urging them to 
greater productivity and profitability. In the main, industry has yet to understand 
the true value of positive environmental action beyond cost saving initiatives. 
The next section in this discussion chapter sets these issues into a broader
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research context and discusses how a shift in thinking could encourage greater 
environmental responsibility.
5.7 - Future Research Issues
This chapter has so far described the findings of this research project and the 
implications of those findings for the field of knowledge in the area and for the 
company in which this research is grounded. The above section discussed some 
of the problems with addressing those implications within an industrial context. 
This section sets the research into a broader context and looks towards the future 
and what it may hold for a company such as Xerox.
♦ Sustainable development
One of the challenges facing industry is the question of sustainable development. 
This is commonly defined as development which ‘meets the needs of the present 
without compromising the ability of future generations to meet their own’ (World 
Commission on Environment and Development, 1987). This definition is the 
most commonly used one, but sustainable development is also commonly 
regarded as difficult to put in practise. It requires a long term view to be taken, 
something which modern Western world cultures, and especially corporate 
culture, does not allow for. A company within this cultural framework must ask 
itself what it can contribute to the ideal of sustainable development. Products 
which are not profligate with their use of resources, a corporate culture which 
discourages waste and a willingness to have open and honest dialogue with their 
stakeholders may be as much as one company can do and that would require a 
lot of commitment. Companies are much more effective if they act as a group. A 
supply chain group which includes all raw material providers, converters, 
manufacturers, retailers and customers would be much more effective at 
reducing the overall environmental impact. A company in the middle of the chain, 
such as Xerox, unless it is able to influence its suppliers to improve their 
environmental impact, will only be able to improve its own environmental impact. 
This may be important as this research project has shown but will only contribute
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a small amount to the overall sustainable development debate. This echoes 
some of the principles which lie behind the industrial ecology theory. Groups of 
companies can act as if they were an ecological system, aiming for high levels of 
internal materials cycling, sustaining themselves within the environment without 
over-stressing the fragile materials cycles on which it depends for its survival 
(Jackson, 1996, p 84).
Currently Xerox has concentrated on what it can achieve itself, looking at 
products and with this research project, looking at its own supply chain. The 
environmental management systems, as discussed, do extend boundaries 
beyond to the suppliers, but the requirements on the suppliers are not far- 
reaching and will not make a noticeable difference. Sustainable development is 
not only concerned with the environment and economics, it also looks at issues 
of social equity. Sustainability recognises that there is an imbalance in use of 
resources, wealth and causes of pollution in the world. Western cultures use 
many more resources, consume much more and cause more pollution than 
Eastern and Southern cultures. Sustainable development suggests that this 
imbalance should be addressed and made more equal. To some this would 
mean that everybody should consume the same amount of resources, probably 
to a Western level. Most companies would be more than happy for this to 
happen as it would mean an huge expansion in their customer base, the products 
sold and their profits. This is a short term view, that level of consumption would 
not be sustained for very long before there were no resources left. This is what 
sustainable development aims to avoid.
There are two parts to sustainability, one is the physical considerations and the 
other is the social considerations (Bebbington et al, 1994). This research project 
has helped the Xerox integrated supply chain to come to terms with some of its 
contributions to the first part of sustainability, the physical consumption, 
movement and distribution of the world’s resources. The environmental 
performance model has quantified and examined the environmental impacts 
arising from the supply chain as it acquires raw materials, manufactures, delivers 
and supports a product. It has been able to show where Xerox should
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concentrate its efforts should it wish to improve its environmental performance. It 
has provided a means of tracking that performance over time and for comparing 
different supply chain scenarios to choose the best environmental/economic fit. 
It has shown where more information is needed to make the model more 
complete, but has placed a ‘stake in the ground’ in measuring environmental 
impacts from supply chains. It has reviewed the work that is being carried out by 
other companies and practitioners and has built on those foundations to create a 
solution for Xerox’ requirements. By applying the model to strategic business 
planning through the establishment of the relationship between the environment 
and a core business metric, it has enabled senior management at Xerox to 
consider the environment when they are making decisions about the future of the 
supply chain at Xerox. All of these issues are related to the first part of 
sustainability - the physical considerations.
♦ Social equity
What has not been addressed is the second part of sustainability - the social 
considerations. These social considerations are the distribution of costs and 
benefits of resource consumption, the ethics of population and consumption 
policies, the social contract between business and society. These are emerging 
concepts and have yet to be sufficiently defined and decoded for a company to 
know where its contributions lie in the debate. It is agreed that the environment 
and quality of life are inextricably linked. As quality of life is a social construct, 
therefore so is the environment. This implies that it is only society that can 
determine what state the environment should be in and how it should be left for 
future generations. This field of knowledge is commonly known as stakeholder 
theory and has been only briefly touched upon in this research project (for more 
information see the author’s collaborative paper with Earl, 1998, in Volume 2). 
Large corporations have many stakeholders ranging from financial institutions, 
governments, trade unions, employees, pressure groups, other companies, the 
media and the general public to name a few. Elkington (1998) advocates the 
use of the ‘triple bottom line’ to report to stakeholders. The triple bottom line 
looks for the optimal balance in a company of environmental soundness, social 
responsibility, and economic viability. The recent joint report on engaging
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stakeholders published by Sustain Ability Ltd (1998) mentions the importance of 
understanding a company’s ethical considerations as well as its environmental 
ones. This will be the real area of expansion in corporate citizenship in the 
future. It will only be reached through a comprehensive consultation process with 
stakeholders and some far-sighted business leadership. This is where 
companies such as Xerox need to be researching in the near future if they are to 
continue developing their business into the next century.
This chapter has described the findings from the results of this research project. 
The next chapter summarises those findings and presents the general 
conclusions from them.
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6.0 -  Summary and Conclusions
The objectives of this research project are as follows:
1. To develop modelling capability of environmental impacts in a supply chain 
organisation.
2. To enable the environment to be considered in the strategic planning process 
of the supply chain organisation.
The first objective has been met by the development of the environmental 
performance model. The issues raised during the development of this model 
were discussed and it was found that the definition of system boundaries is 
particularly important. Another key point is the development of the indicator set 
which simplified the data analysis and considerably shortened the time required 
for collection. Ways in which the data in the indicator sets could be improved was 
described. Discretion is required with the collection of data as the supply chain is 
a large, complex organisation. The careful conversion of data into one format 
was found to be an important point in the aggregation process. Indicators were 
found to only reduce the amount of information to be analysed, not the amount of 
information requiring collection.
Populating the model with data from the indicators resulted in a number of 
findings. It is found that the working life of the machine is the most 
environmentally damaging part of the product supply chain, but it is necessary to 
look at the full indicator set before it can be deduced exactly which sub processes 
were causing that environmental damage. Within working life, the manufacture 
of paper uses the most energy, followed by the electricity consumption of the 
machine itself. The next largest use of energy is the acquire element in the 
product’s supply chain. In the atmospheric pollution indicator, it was also found 
that working life caused the largest impact, this time due to the transport involved 
in the servicing part of the life of the machine. After this, the next most significant 
producer of air emissions was the main assembly operations due to the electricity 
used. Within the acquire element, it was discovered that the production of the
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main components and not their transportation resulted in more emissions. In 
other parts of the supply chain, it is the packaging element of distribution which 
caused a large amount of air emissions.
The third environmental indicator used was materials intensity. Once again, it is 
the working life which consumes the most resources and therefore causes the 
most environmental impact. The second largest consumer is the acquire part of 
the supply chain due to the amount of fuel that is used to transport the goods to 
the assembly plant. It was determined that for every copy or print made there is 
an associated resource use of twenty grammes. Common data themes were 
drawn from considering all indicator results together. Working life caused the 
most environmental impact irrespective of indicator. Remove and return and 
asset recovery had the least environmental impact in the supply chain. If 
working life is excluded from the analysis, it was found that environmental impact 
decreases over the life cycle of the machine. The largest environmental impact 
within the distribute element was caused by packaging.
The results of the model raised implications for Xerox and for the field of 
knowledge in this area. Environmental action is now able to be prioritised, detail 
had been reduced while still allowing a useful level of analysis, it was clear that 
supplier action needs careful study from an environmental perspective and that a 
base case had been established which will require updating to remain current and 
useful. Lessons for the field of knowledge in this area were found to be: a 
confirmation that supplier activity is important in reducing overall supply chain 
environmental and that a holistic view is required with all supply chain functions 
included.
The next part of this research project addresses the second objective: To enable 
the environment to be considered in the strategic planning process of the supply 
chain organisation. This is achieved by applying the model developed to the 
business planning processes at Xerox Ltd. This is an important stage in the 
research process as it extends environmental understanding in the company 
much further than measuring performance alone. This is regarded by many
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‘think-tanks’, most notably SustainAbility Ltd, as the way forward for 
environmental business management. The environment needs to enter business 
planning processes and become a strategic issue so that it does not remain an 
operational issue. Again there were lessons for Xerox in this stage of the project 
and these can be summarised as removing layers of complexity. The process of 
aligning the environmental results of the model with a core business metric was 
much more complex than imagined due to the amount of management systems 
and metrics within the company. This is typical of a mature, quality managed 
company and has both benefits and disadvantages. The choice of metric with 
which to align environmental performance was important. The weak relationship 
established between environmental performance and customer satisfaction 
requires causal links to be shown to become a more powerful tool for decision 
making purposes.
The lessons for the field of knowledge in the area reiterate the points made 
above and confirm the importance of forcing the environment onto the strategic 
agenda of companies. As this research is, as yet, specific to one company and 
does not provide a means of creating league tables with other companies. As 
industry develops its own standards, this will become possible.
Barriers to change within industry are also discussed. It is one thing to develop a 
model and make it easy to use and relevant to a company, it is another to 
implement it at a level which will make a difference. Within industry there are 
many barriers to the environment becoming a core strategic issue. Many of 
these are due to the accounting procedures which are used industry wide, not 
just at Xerox. The concentration on providing shareholder value in dollar terms is 
paramount for many successful companies and drives companies onward in 
search of profitability and productivity. It has not been shown yet that it is 
possible to valorise the environment to such an extent that it may become part of 
that shareholder value in the electronics industry. Instead it has to be related to 
other metrics which are understood in monetary terms, as shown in this research 
project. Although this issue is outside of Xerox’ domain, as a large multi-national 
it should be able to influence and drive forward the agenda on this issue to make
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the change across industries. There are many facets to providing shareholder 
value, one is the inability to valorise the environment, another is the short term 
perspective that it encourages. This too must be overcome if companies are to 
make the leap into long term sustainability.
Sustainability and the role that Xerox has to play in achieving it is identified as a 
future research issue. With all the barriers to change listed, it is difficult to 
imagine that a company will be able to make that paradigm shift towards 
sustainability. However, it is important that the company does make efforts 
towards understanding its environmental, social and ethical impacts through 
stakeholder dialogue. This research project has included yet another part of the 
company (the supply chain) in those discussions. By enabling the supply chain 
to measure its environmental impacts and support its environmental decisions at 
a strategic level, the scene is set for change in the future. It should be 
remembered that supply chains are the method by which companies are linked 
together and form material flows and add value through economies. It may be 
the supply chains of the future which will compete in an environmentally sensitive 
business arena.
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APPENDIX 1
Data interpretation notes 
Data spreadsheets 
Customer satisfaction data -  UK and Sweden
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ENERGY CONSUMPTION
ACQUIRE
Electronic Manufacturing Centre (EMC) suppliers
• Receive 70 deliveries per week from small trucks/vans (7.5 tonne). Estimation by 
EMC manager. 10% of each load will be components for Hodaka at current time 
of research. (49 from UK suppliers, 18 from German suppliers, 3 from USA 
suppliers via Heathrow)
• 1997 total build Hodaka = 10 000. UK plan 2200 machines installed.
• Fuel economy @ 18 mile per gallon (mpg) stated by supplier as average fuel 
economy.
• Diesel fuel used by trucks = 45 megajoules per litre (MJ/I) includes process and 
extracted energy from Boustead and Hancock (1981).
• Distances are average for UK deliveries @ 150 miles (240 km), from Heathrow @
100 mile (160 km) and Germany @ 700 mile (1120 km).
Example:
49 x 7 .5 1 truck deliveries from UK suppliers per week
= 49 x 150 mile @ 18 mpg = 408 gallon of diesel
= 408 gallon = 1855 litre x 45 MJ/I
= 83465 MJ energy used x 48 weeks
4006320x10%  load
= 400632 x 22% (UK build plan =2200. Total 1997 build plan = 10 000)
88139 MJ
• Air freight from USA to Heathrow. 10 000 l/h average fuel usage for transatlantic 
flight from British Airways website (www.british-airways.com). 6 hours average 
flying time from East coast USA.
• 20% of aeroplane will be freight. 10% of that freight carried = Xerox components
• 48 weeks = 240 days = average working year at Mitcheldean plant.
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Central Commodity Supply
• Masses of each material type from actual weighing exercise carried out by Xerox 
Ltd. Not included are harnesses (wiring) due to the complexity of the assemblies 
and their relatively low weight in the machine .
• Average Hodaka configuration = 121 kg from XL data
• Metal figures include only process energy used to make 1 kg of pressed steel 
plate from Eco-bilan life cycle analysis (LCA) database
• Plastic figures are for process energy to make hardened ABS (polystyrene) 
covers from Eco-bilan LCA database
• Electronic figures include only the energy used to assemble printed circuit boards 
from components. XL data from EMC energy bills (electricity and gas)
• Glass figures included the energy used to make average sheet glass (this figure 
could actually be higher due to the higher quality of glass used for the platen top). 
Data from Eco-bilan LCA database
Inbound Logistics
• 24 deliveries each working day in 32 tonne trucks for the Hodaka assembly line at 
Mitcheldean (XL logistics manager estimation). Fuel economy = 7 mpg provided 
by logistics supplier as part of contract.
• 7 deliveries from UK national warehouse (Radlett) = 126 miles (202 km). 9 from 
Far East via container ship = 12 000 miles (19200 km). 6 from European 
Logistics Centre (Venray) = 480 miles (768 km). 1 from USA via Heathrow (see 
above).
• Shipping energy consumption from Royal Commission on Environmental 
Pollution (1994). Assume each container shipped weighs approx. 1 tonne 
(probably under-estimated).
ASSEMBLY
• Building 1 is the main assembly line for Hodaka at Mitcheldean. Energy 
consumption of gas and electricity provided by bills for previous year and
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percentage activity for Hodaka estimated (40% of total activity at time of 
research).
• Building 4 is the Electronic Manufacturing Centre (EMC) which assembles printed 
circuit boards for Hodaka - total annual energy bill apportioned as for Big 1.
• Rest of site includes office buildings, canteens etc. Rest of site total annual 
energy consumption divided by the total number of machines made at 
Mitcheldean for the previous year. Not a true reflection as some buildings make 
components for machines assembled at other sites.
DISTRIBUTION
• Within UK market only
• One way journey to Radlett (UK national warehouse) = 126 miles (202 km) as 
before
• Packaging - new reusable steel ‘tote’ (pallet) used. Average mass used as the 
tote can be configured depending on the configuration of the machine on it. (44 
kg). Packaging treated as non-returnable for ease of accounting as the actual 
number of return journeys is, as yet, unknown.
• Steel/plastic energy data from LCA database as before. Plastic is not the same 
type however any difference would not be reflected when looking at whole model.
• Shrink-wrap used to keep machine clean on tote. Estimated amount used from 
packaging manager at XL. Energy includes process energy used to make plastic 
from Boustead and Hancock 1981.
• Foam fitments - not all machines will require these depending on configuration 
(fax module requires extra packaging). XL currently waiting for a cardboard 
fitment to be tooled and produced (recyclable cardboard padding). However any 
difference in energy does not affect overall results.
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INSTALL
• Warehousing at Radlett - estimated from the energy consumption over 1 year and 
then a percentage space used by Hodaka - this will increase as market demand 
increases. Data from warehouse facilities manager.
• Cross dock warehouse. XL have 5 of these in the UK from Glasgow to Plymouth. 
Average distance used for ease of calculation. One 32 tonne truck sent each 
working day to a cross dock warehouse from Radlett. Probably not solely loaded 
with Hodaka machines, but actual data not worth pursuing as figures are 
insignificant in whole model.
• Local delivery to customer’s premises from the cross dock warehouse. 1 delivery 
made each working day averaging 40 miles (64 km) in a 7.5 tonne truck (see 
above for calculations). Distance estimated by XL distribution manager.
• Training - this is a standard Xerox procedure. Each new machine installed results 
in half a day’s training by a person from the local sales office. They will travel an 
average distance of 25 miles (40 km) to the customer’s premises in a 2.0 I diesel 
car (average sales car) - fuel economy = 40 mpg from www.vauxhall.co.uk
• Operator manuals are provided with each machine. Energy data from Nokia 
private company report (Wright, 1997).
WORKING LIFE
Energy consumption of machine itself.
• Energy consumed by each power mode given by XL product design team. Hours 
in each mode estimated and will depend on how the machine is used by the 
customer. Assume 12 hours off per day, 3 hours warming up/cooling down. The 
time spent in running and standby modes are less certain, however the difference 
in power consumed in these modes is small (70 W) and it was ascertained that 
changes to actual hours make little difference to overall results.
Servicing
• 35 Hodaka engineers in the UK at present, average distance from customer 25 
miles (40 km) - XL launch data.
171
• Average distance to a replenishment depot = 50 miles (80 km) - XL estimation. 
Each engineer will visit the depot once a week.
• Broken call rate - this is where the engineer doesn’t have the part required to 
repair the machine. He will travel back to the replenishment depot to pick up the 
correct part. This rate is given in XL launch plans as broken call rate per million 
copies. Hodaka model designed to make 7000 copies per month.
Example:
Broken call rate for Hodaka in 1997 = 6 calls per million copies.
= 1 000000 /  7000 = 142.8 months to make 1 million copies
= 142.8 / 6 = 23.8 (1 call every 2 years will be broken)
12 / 23.8 = 0.5 (no. of calls per year)
= 0.5 x 2200 (no. of machines in UK)
= 1109 broken calls per year in the UK
• Unscheduled maintenance calls - unplanned service calls made to the machine. 
Rate estimated by launch plan guidelines. This is currently high at 63 calls per 
million (see above for calculation on actual number of calls per year) as the 
machines are new to customers.
• Technical specialist - there are 2 Hodaka technical specialists in the UK to advise 
service engineers. Most advice is given by fax or phone, however the specialist 
will make an average of 2 calls per month, average distance 75 miles (120 km) - 
estimated by XL technical specialist.
Consumables
• Paper usage is calculated on design copy volume (7000/month). Actual usage 
probably higher than this. Each ream = 500 sheets. Each machine will use 168 
reams per year. Data provided by XL product design team.
• Energy used to make white, cut paper from White et al 1995
• Toner cartridges for Hodaka are made in Venray (XL manufacturing plant) and 
shipped to the UK together with other spares and supplies. XL logistics manager
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estimated 1 whole truck load per week (see previous transport calculations) to 
Radlett.
• Hodaka is expected to use 3 toner cartridges per year - XL product design team.
• Delivery of cartridges from UK national warehouse to customer’s premises via a 
courier. Tends to be co-loaded with other products (not necessarily Xerox). Each 
journey estimated to be 1 % of load attributable to a Hodaka toner cartridge.
• Cartridge manufacture is at a focus factory in Venray. XL estimation that Hodaka 
cartridge manufacture is currently 25 % of activity = 25 % of energy consumption 
to assemble/fill toner cartridges for Hodaka.
REMOVE/RETURN
• Reverse transport process from customer to cross dock (see install)
• Return from cross dock to Radlett, then back to Mitcheldean asset recovery 
operations (see install).
ASSET RECOVERY OPERATIONS
• Carried out in Buildings 12 and 13 at Mitcheldean. XL manager estimated that 
currently only 10% activity devoted to Hodaka owing to its relative newness in the 
market (none returning yet). 10% of energy consumption used.
• Consumables - process uses mainly paint and cleaning fluid and receives half a 
pallet of each per week on a 7 .5 1 truck from suppliers in the Midlands.
• Transport is calculated as before.
• Paint and cleaning fluid - the process energy used to make these consumables 
from Energy Use in British Industry 1984.
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ATMOSPHERIC POLLUTION
2 types of air pollutants accounted for: those pollutants contributing to global 
warming (Nitrogen oxides, Carbon dioxide, Volatile Organic Chemicals, Carbon 
monoxide, Nitrous oxide and Methane) and those contributing to atmospheric 
acidification (Sulphur dioxide, Hydrogen chloride, Hydrogen Fluoride, Ammonia). 
These are shown separately in each spreadsheet.
ACQUIRE
EMC suppliers’ transport
• Road transport pollutant per kilometre provided by Mayeres et al 1996 for an off 
peak freight truck
• Air freight pollutant data per kilometre provided by Royal Commission on 
Environmental Pollution 1994
• Same calculations as in energy indicator are applied
Example:
Nitrogen oxides (NOx) arising from EMC deliveries from suppliers in the UK
= 49 x 150 miles x 1.6 = 11760 km
6.73 x 11760 = 79145 g NOx 
= 79145 x 48 (weekly delivery) = 3798950 g NOx
= 3798950 x 0.1 (10% of each load attributable to Xerox supplies)
379895 x 0.22 (22% of components for UK machines (2200 out of total build
10000)
= 83577 /  1000 (kg of pollutant)
= 83.5 kg NOx arise from the deliveries of EMC Hodaka components from UK
suppliers each year
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Central Commodity Supply
• Data provided in pollutants per kilogram of material
• Metal pollutant data from Eco-bilan LCA database
• Plastic pollutant data from Association of Plastic Manufacturers in Europe 
(APME) data (1997). No data available for ABS type plastic, HDPE (high density 
polyethylene) closest available data.
• Electronic pollutant data from Xerox data collected as part of local authority 
requirements of the Mitcheldean manufacturing site.
• Glass pollutant data from Eco-bilan LCA database
Inbound logistics
• Data provided in pollutants arising per kilometre travelled
• For 32 tonne truck, Mayeres et al 1996 data used (peak freight truck data allows 
for greater fuel consumption and heavier truck than example demonstrated 
above)
• Shipping pollutant data from Royal Commission on Environmental Pollution 1994
• Air Freight as before
ASSEMBLY
• All energy used by buildings 1, 4 and the rest of the site is assumed to be 
electricity produced from the combustion of fossil fuel. This is the case for the 
majority of energy provided in the UK (64% in 1995).
DISTRIBUTION
• Pollutants arising from the transport element of distribution are calculated as 
above
• Packaging pollutants are provided per kilogram of material
• Metal totes as for steel components in acquire
• Foam fitments are calculated from APME 1997 data for expanded polystyrene
• Shrink-wrap also from APME 1997 data for polypropylene film
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INSTALL
• Warehousing - all energy used assumed to be electricity generated from the 
combustion of fossil fuel (see above)
• Cross dock transport using data from Mayeres et al (peak freight truck)
• Local delivery transport data from Mayeres et al (off-peak freight truck)
• Training transport pollution data from Mayeres et al (large diesel car)
• Operator manuals - data used from Eco-bilan LCA database for virgin paper (no
directly comparable data available from Nokia on pollutants)
WORKING LIFE
• Energy consumption of the machine assumed to be electricity generated from the 
combustion of fossil fuels.
• Service
• Engineer journeys and spares/cartridges deliveries calculated as for other
transport (see above)
• Paper pollution data from Xerox paper supplier as part of environmental audit 
carried out by Xerox
• Manufacture of cartridges - all energy assumed to be electricity generated by the 
combustion of fossil fuels.
REMOVE/RETURN
• Pollution arising from transport calculated as above
ASSET RECOVERY OPERATIONS
• Building 12 and 13 energy use assumed to be electricity generated from the 
combustion of fossil fuels (as above).
• Consumables transport calculated as above
• No data available for the manufacture of paint and cleaning fluid as these are 
composite chemicals produced by complex processes. Suppliers are not
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currently required to state the pollutants arising from the manufacture of these 
consumables.
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MATERIALS INTENSITY PER UNIT OF SERVICE 
ACQUIRE
• The material use arising from transport is taken here to be only the actual fuel 
used to move goods. The fuel usage is calculated as for above and 1 litre of 
diesel weighs 0.88 kg, kerosene = 0.78 kg from Perry’s Chemical Engieers’ 
Handbook (1984).
• The mass of materials in the machine itself are those provided by Xerox data as 
above.
Example:
The mass of materials arising from the delivery of EMC components from UK 
suppliers
= 49 x 7 .5 1 trucks. Average journey -150 miles @ 18mpg
= 408 gallons diesel = 1856 litres x 0.88
= 1633 kilograms diesel
ASSEMBLY
• The proportions of energy from electricity and gas sources is provided by the 
individual energy bills for each building. All electricity as above is assumed to be 
generated from the combustion of fossil fuel (coal). The conversion factors for 
gross calorific value (to convert MJ of energy into kilogram of coal and gas) are 
from Boustead and Hancock 1981.
Example:
Building 1 at Mitcheldean uses 3546604 MJ energy to assemble Hodaka machines 
for the UK market
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From the energy bills - 21% is from electricity, 79% from gas.
21% of 3546604 = 744787 MJ
747787 / 29.5 (gross calorific vlaue of coal)
= 25247 kg coal are used to provide Big 1 with the electricity it requires.
This number could actually be higher or lower as coal is not the only means of
genertaing electricity and it may not be as efficient as the gross calorific value
suggests.
DISTRIBUTION
• Transport fuel is calculated as above
• Packaging weights from Xerox data as before
INSTALL
• All energy used by warehousing is assumed to be electricity generated from the 
combustion of coal.
• Transport elements from cross-docking, local delivery and training are calculated 
as above.
• Operator manuals are assumed to be 100% paper as the amount of metal in the 
spiral binding is insignificant when compared to the whole model.
WORKING LIFE
• Energy use by the machine is electricity which is assumed to have been 
generated from the combustion of coal.
• All transport from service calls and spares/cartridges delivery is calculated as 
above.
• Paper weight is calculated from Xerox data (weight of a ream of paper and 
planned use rates - 7000 copies/month)
• Toner cartridges are assumed to weigh approximately 1 kilogram.
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REMOVE/RETURN
• Transport fuel use is calculated as for above.
ASSET RECOVERY OPERATIONS
• Energy use by buildings 12 and 13 is calculated as for assembly buildings (see 
above).
• Transport of consumables is calculated as above.
• Actual consumption of paint and cleaning fluid in litres is unknown.
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WORKING LIFE
SUB -  PROCESSES
USE
MJ HME
TOTALS
Energy consumption per week (see table A) 165 x 48 weeks x 2200 17413229
•
SERVICE '
Engineer = 1 x  replen/week @ 50 miles 256 x 35 engineers x 48 weeks 429597
50 miles @ 40 mpg = 5.7 l @ 45 MJ/I
Broken call rate @ 50 miles (6 calls/mill.copies) 256 x 1109 broken calls per year 283585
50 miles @ 40 mpg = 5.7 I @ 45 MJ/I
6 x 7 /1 0 0 0  x 2200 x 12 = 1109 broken calls/year in UK .
Unscheduled maintenance calls (UMC) ' '
63 per million copies @ 25 miles @ 40mpg = 2.9 I 128 x 11643 UMC/yr in UK 1488630
63 x 7 /1000 x 2200 x 12 = 11643 UMCalls/year in UK ■
Technical Specialist - 2 calls/month av. 75 miles 384 x 12 4603
CONSUMABLES
Paper - 24 MJ/kg (500 sheets = 2.5kg)
Av. copy volume/machine= 7000/month= 168 reams pa 60 x 168 reams x 2200 m/c 22176000
Source: White, Frankie, Hindle 1995
Toner cartridges - 3/machine/year = 6600/1997 (UK)
Delivery:Ven-Rad,1 x 32t/week(inc.cartridges/spares/supp)
480 miles @ 7 mpg = 313 I @ 45 MJ/I 14028 x 48 weeks 673328
Securicor delivery to customer: 6600 cartridges Fl|IS!!lllS3ilJ|£i|)
Av. customer 200 miles from Rad @ 18 mpg = 51 I 2273 1% of delivery x 6600 150018
Manufacture of cartridges
25% FoFa activity = 297000 MJ /45 0  000 cartridges/1997 0.66 MJ/cart x 6600 4356
TOTAL 42623346
direct GJ 17413
• transport GJ 3030
other GJ 22180
other no paper 0.00198
Energy Consumption 185
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CUSTOMER SATISFACTION SCORES
correlated scores across 2 variables
UK 1997 1-10 (where 10 is most satisfied)
Overall
satisfaction
Environmental
satisfaction
number of 
respondents
10 10 188
10 9 35
10 8 44
10 7 9
10 6 3
10 5 12
10 4 1
10 3 3
10 2 2
10 1 9
9 10 46
9 9 109
9 8 112
9 7 46
9 6 20
9 5 19
9 4 6
9 3 3
9 2 9
9 1 7
8 10 37
8 9 42
8 8 311
8 7 148
8 6 57
8 5 63
8 4 15
8 3 21
8 2 21
8 1 39
7 10 4
7 9 11
7 8 61
7 7 127
7 6 47
7 5 45
7 4 21
7 3 16
7 2 7
7 1 24
6 10 3
6 9 4
6 8 15
6 7 23
6 6 33
6 5 18
6 4 8
6 3 6
6 2 7
6 1 12
5 10 10
5 9 2
5 8 7
5 7 9
5 6 8
5 5 25
5 . 4 2
5 3 3
5 2 11
5 1 12
4 10 0
4 9 0
4 8 2
4 7 2
4 6 1
4 5 4
4 4 0
4 3 1
4 2 0
4 1 1
3 10 0
3 9 0
3 8 2
3 7 2
3 6 1
3 5 3
3 4 1
3 3 0
3 2 2
3 1 1
2 10 0
2 9 1
2 8 0
2 7 0
2 6 0
2 5 1
2 4 0
2 3 0
2 2 2
2 1 0
1 10 1
9 0
1 8 0
1 7 0
1 6 1
5 0
1 4 2
1 3 0
1 2 0
1 1 2
total respondents 2051
CUSTOMER SATISFACTION SCORES
correlated scores across 2 variables
Sweden 1997 1-10 (where 10 is most satisfied)
Overall
satisfaction
Environmental
satisfaction
number of 
respondents
10 10 21
10 9 3
10 8 8
10 7 1
10 6 1
10 5 1
10 4 0
10 3 3
10 2 0
10 1 1
9 10 8
9 9 8
9 8 13
9 7 6
9 6 1
9 5 0
9 4 1
9 3 0
9 2 0
9 1 1
8 10 16
8 9 12
8 8 42
8 7 13
8 6 11
8 5 9
8 4 4
8 3 1
8 2 2
8 1 3
7 10 2
7 9 1
7 8 8
7 7 10
7 6 10
7 5 15
7 4 4
7 3 2
7 2 1
7 1 1
6 10 0
6 9 0
6 8 7
6 7 1
6 6 5
6 5 7
6 4 2
6 3 0
6 2 2
6 1 1
5 10 0
5 9 0
5 8 1
5 7 2
5 6 2
5 5 4
5 4 1
5 3 1
5 2 0
5 • 1 3
4 10 0
4 9 0
4 8 0
4 7 1
4 6 1
4 5 1
4 4 0
4 3 0
4 2 2
4 1 2
3 10 0
3 9 0
3 8 1
3 7 0
3 6 0
3 5 0
3 4 1
3 3 0
3 2 0
3 1 0
2 10 0
2 9 0
2 8 1
2 7 0
2 6 0
2 5 0
2 4 0
2 3 0
2 2 0
2 1 0
1 10 0
1 9 0
1 8 0
7 0
1 6 0
1 5 0
1 4 0
1 3 0
1 2 0
1 1 0
total respondents 293
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Abstract
This paper sets out to explore the apparent divergence between two developing 
schools of thought on measuring supply chain performance and greening supply 
chains. Although there has been considerable effort placed on measuring supply 
chains in order to assess their performance, these techniques have been found to 
be time and cost focused, aimed at coping with rapid change. This approach tends 
to have a short term outlook. Work on greening supply chains is much longer term 
in outlook, is information intensive and biased towards the supply side. These two 
mindsets appear to be diverging, that is, developing in conflicting directions. This is 
an alarming prospect for the environment which has no place in future supply chain 
performance measurements, thus running the risk* of being increasingly side-lined; 
and for performance measurement which is unconcerned with longer term 
sustainability in terms of the environment. The case is made to amalgamate the 
advantages of both schools of thought to allow long term views to be represented by 
short term performance measurement.
Logistics performance is a rapidly developing area of investigation. Many 
companies are revisiting their performance measures in response to growing 
external pressures to present newer, more customer focused metrics. This paper 
explores recent developments in this expanding field and finds that the direction in 
which it is developing does not appear to be compatible with another external 
pressure - i.e. the environment. Separately from those developing new performance 
metrics for their logistics function, companies are also recognising that the 
environment requires its own particular performance measurements and the 
literature describing this field is reviewed. The case is made that these two areas 
are in danger of ‘diverging’ away from each other. The new business metrics are not 
being tailored for the long term future requirements of stakeholders who may ask 
questions which these new metrics cannot address.
2 1 0
There is ample evidence that human activity is already seriously degrading not only 
local environments, but also the global environment. Human economic and social 
activity currently appropriates over 40% of terrestrial photosynthesis (the biological 
product of land) each year [1]. The importance of the environment to businesses is 
well recognised. Many authors are in agreement that the environment makes good 
business sense and is no longer a threat, but a market opportunity [2]. Eden [3] 
suggests that there is a compatibility between economic and environmental goals 
and this has been demonstrated by numerous case studies by the Institute of 
Management, World Business Council for Sustainable Development, INSEAD. 
‘Environmentalism has been characterised as perhaps the most significant force 
shaping the economy, as well as one of the most important issues facing businesses 
during the 1990s’ [4].
The Environment and Business
Popular concern with environmental issues is also rising [5] and the newly elected 
British Government is determined to uphold its election promises on the environment 
to promote this concern. The link between economics and the environment reflects 
the change in thinking about environmental problems which has occurred in 
industrialised countries in the last few years. The emphasis has shifted from 
command and control or regulatory approach to an allegiance to market based 
instruments such as taxes or charges, which give polluters an economic incentive to 
adapt their practices. Harnessing the market is a more efficient way of protecting 
the environment, it is suggested, particularly when coupled with judicious use of 
regulations [6]. It is not just national government which is supporting the 
environment through legislation, the EU has been extremely active over the last few 
years in particular in creating more environmental controls. Traditional sources of tax 
revenues are being eroded and environmental taxes are proposed as one source of 
new revenue. The UK has a handful of green taxes: the duty differential between 
unleaded and leaded petrol; the landfill tax; the promise to increase road fuel duty by 
at least 5% per year; and VAT on domestic fuel. All but the first were introduced in
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the 1990s and the Government seems set to continue this trend as demonstrated in 
their recent budget.
Legislative issues affecting industry appear to be increasingly supply chain function 
focused. Recent EU legislation has included the Producer Responsibility for the 
Takeback of Electronic Waste, entailing a new ‘accountability’ of the producer for the 
recovery of end of life electronic goods. The Producer Responsibility Obligations 
(Packaging Waste) Regulation (1996) is currently being formulated into national law 
in EU member states and will require national governments to ensure that they are 
recovering 60% of packaging waste by 2001. This requirement is passed onto 
industry, not the consumer. Both of these pieces of legislation have profound 
implications for a supply chain, as it is this part of the company which will have to 
develop the necessary structures and processes to provide for the return of both 
products and packaging.
‘Greening’ Supply Chains
This first section of the paper examines work recently published on the ‘greening’ of 
supply chains. Logistics is a developing subject area, but practitioners are already 
realising that the environment is important for supply chain organisations too. As 
Penman [7] points out there have been considerable environmental developments 
within certain discrete elements of the supply chain, but the danger lies in viewing 
any of the aspects in isolation. There is a need to look strategically beyond the 
immediate environmentally-driven aspects of supply chain management. Penman 
continues to propose that true economic and environmental costing is required 
across all supply chain functions. This paper is very transport focused, yet doesn’t 
deliver any concrete conclusions of whether JIT delivery is better or worse than large 
inventory holding from an environmental perspective. However, the author does 
mention that the environmental costs and benefits of recovery and recycling of 
goods and materials have to be carefully weighed up before committing to a 
particular course of action. Cooper et al [8] on the other hand, maintain that the 
transport and storage of goods is at the centre of any logistics activity and that these 
are where a company should concentrate its efforts to reduce its environmental
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impacts. These authors are clear on the actual environmental impact of certain 
aspects of transport configuration. They claim that 24 hour transport is less 
environmentally damaging as fuel consumption is more efficient with less 
congestion, JIT raises fuel consumption as smaller lorries consume more fuel per 
tonne of goods moved than larger vehicles. The use of combined transport options 
such as containers using road and rail links is advocated for environmental 
improvement. In order to begin the improvement process, the authors suggest a 
three stage approach: an environmental audit of the logistics operation, a listing of 
actions to reduce impacts and a priority ranking of these actions. The problem with 
these recommendations is that they are not stakeholder focused, but look only at 
fuel consumption and economic cost. Improving the efficiency of fuel consumption 
will indeed reduce environmental impact, but local community issues may become 
more important when using large lorries in a 24 hour operation.
Howie [9] recognises that the environment has far reaching impacts on the supply 
chain. Transport is viewed as an activity with a negative environmental impact, yet 
the transport sector represents 7% of the GDP of Western Europe and employs 7% 
of the workforce. On the other hand the cost to society in terms of congestion, 
pollution and accidents has been estimated to be 5% of the GDP. The energy 
consumption of the transport sector comparative to all o f industry equals one third of 
all the energy consumed in the EU, 85% of that energy is used by road. However, 
the sector is fragmented, very competitive and disinclined to act in concert to find 
solutions to these issues [9]. Congestion is inflationary and decreases productivity 
through delays, stock outs or over-stocking. So, there is a dilemma between 
reducing environmental impact and increasing financial cost. Howie recommends a 
significant improvement in ‘loaded miles’ and the use of consolidators (organisations 
which ship many companies’ products together to maximise loading efficiencies) to 
increase efficiency. Steger [10] claims that certain preconditions are necessary 
before an environmentally oriented value chain can be created. These include: an 
environmentally oriented system of corporate management, a culture which allows 
learning and a top down principle with bottom up support. Steger is not sure 
whether the new production concepts can be combined with the environment. An
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interesting point is identified in that development and change aimed at the target 
audience is more likely to result in the environment being considered from the 
beginning of the process. The author of this paper then discusses information 
systems and identifies some common problems felt by all parties involved. 
Practitioners and their stakeholders often complain of information overload and that 
the information collected is of no use for decision making.
The re-engineering of structure and management is an untapped business 
opportunity, claims Giuntini [11]. The traditional supply chain has poorly structured 
operational and financial decision making which has institutionalised poor 
management of material resources. He proposes that reverse logistics management 
is the answer to improving the environmental impact of the supply chain by 
improving material use. This paper is focused on a small part of the overall supply 
chain, but Giuntini’s recommendations for the use of reverse logistic management as 
an organisational decision making driver are well thought out. Interestingly, Jones
[12] uses the term life cycle cost without referring to the environment, but his points 
are valid nonetheless. Life cycle costing encompasses every conceivable direct and 
indirect cost associated with the acquisition, operation, support and disposal of the 
system. There are a number of desirable characteristics of a model, states Jones: it 
should be capable of providing comparisons and evaluations for trade-off analysis of 
different options, it should identify risks and establish baseline data for sensitivity 
analysis. Some of the problems with modelling are the use of invalid assumptions 
when insufficient data exists, changes to the system and the quantity of data 
required. Jones also mentions that, although imperfect, life cycle costing is the only 
tool available to assess the impact of design, operations and support decisions on 
the total system.
From a corporate perspective, some companies have attempted to address 
environmental issues through the supply chain. However, their work concentrates 
on the up-stream part of the supply chain i.e. the suppliers. Both BT and B&Q have 
achieved a considerable amount in this field. BT have had a vendor assessment 
scheme incorporating environmental purchasing policy for over 4 years now. B&Q
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use both questionnaires and auditors to track environmental issues in their supplier 
base and have decided that this approach is preferable to requiring environment 
management system implementation [13]. However, neither of these companies, or 
any others, consider themselves as the supplier and so, move environmental 
management principles into their supply chain organisation. Although Lamming and 
Hampson [14] mention that ‘environmental pressures may be expected to increase 
in the future’, they suggest that ‘an effective means of dealing with them must be 
implemented through the purchasing function’. Their paper concentrates on the 
supplier base of a company as the focus for supply chain environmental 
performance, but environmental performance criteria must be attached to the whole 
supply chain function to encompass the whole, not just the up-stream effects. Other 
organisations have focused on the other end of the supply chain with recycling 
issues. Equipment is returned from the customers of companies such as IBM, 
Nokia, BMW and Rank Xerox [15]. These companies either recondition the old 
equipment or reclaim the materials they are made from, reprocessing into raw 
material. However, it appears that little work is being carried out into how to 
evaluate decisions concerning supply chain operations. The logistics discipline is 
well qualified to deal with cradle to grave issues because of logistics’ focus on 
supply chain. management, which emphasises the control of materials from 
suppliers, through value added processes and on to the customer. The interface 
between logistics and the environment is embedded in the value adding functions a 
firm performs [16]. As Wu and Dunn [16] quite rightly point out ‘to minimise total 
environmental impact, it must be evaluated from the total system perspective’.
‘Greening’ Business
In a wider context, there are other green measures suggested which do not solely 
concentrate on the supply chain function of an organisation. These papers do have 
relevance to the supply chain as it does constitute a large proportion of resources for 
many companies. Bebbington et al [17] ambitiously discuss the meaning and 
implications of sustainability on accounting and how sustainability is constructed and 
understood by the business community. They identify that sustainability and 
accounting are connected through systems theory - i.e. that there are financial
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implications of environmental pressures and that the development of full cost 
accounting and pricing has an important role to play here. Another connecting factor 
is the social contract between business organisations and society. The authors also 
mention that accountancy can act as a scorekeeper, but that it has not yet achieved 
this role for the environment. They do not offer any practical answers to these 
issues, but mention that the incorporation of the environment into accountancy may 
help managers to decide whether they are moving away from or towards 
sustainability. Another paper discussing the role of management accounting and the 
environment has been written by Milne [18]. Again he points out that formal decision 
analysis and traditional management accounting neglect the social costs and 
benefits of corporate activities. Management are under pressure to provide this type 
of information to their stakeholders, but specialist information on the environment is 
unfamiliar to accounting systems. Conventional accounting and traditional 
economics consider preference indicated by willingness to pay and as Milne points 
out, this is a rather exploitative approach to natural resources. Therefore' he 
suggests using environmental impact analysis and cost benefit analysis to deal with 
the social and environmental externalities, however these do not help with internal 
decision making. Total Impact Accounting, on the other hand, is able to incorporate 
these factors by extending business information systems to include environmental 
considerations using ethical and environmental audits and resource flow input/output 
analysis. These ideas sound fine in principle except that they are too 
anthropocentric to truly reflect the environment and there are no suggestions how 
management would be able to use the information that they would generate.
Azzone et al [19] think that environmental performance indicators are particularly 
important due to stakeholders demanding environmental improvement and then 
proof that the improvement has actually happened. These authors state that 
indicators come in four categories: the state of the environment, corporate
environmental policy, environmental management systems and products and 
processes evaluated by an eco balance. These are useful categories to keep in 
mind when putting together an external report for example, but having a policy or an 
environmental management system does not necessarily indicate that one process
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is any more environmentally sound than another. Of particular interest in this paper, 
are the authors’ recommendations for an eco balance analysis. This is similar to the 
concept of environmental auditing and certain aspects of LCA, a structured method 
for reporting physical inflows and outflows of resources, raw materials, energy, 
products and waste occurring over time. There are three main components in this 
eco balance methodology: the company balance details all energy and materials 
used, the process balance gives an overview of the resources and energy used in 
production and the product balance assists management in assessing the 
environmental impact of the product. These theoretical recommendations are of use 
when considering the design of an environmental performance. However, the actual 
usefulness of their overall system is not apparent and there are no suggestions as to 
how the information will be managed by the system. In a similar customer focused 
vein, IBM [20] asked its stakeholders - employees, customers, investors, decision 
makers etc. what they considered to be the most important aspects of IBM’s 
environmental performance. The results were quite interesting and showed that 
proof of concern and action for the future was foremost in the stakeholders’ minds.
Brown et al [21] are of the opinion that environmental management systems provide 
the private sector with an initial framework for instituting an internal management 
structure that allows companies to meet environmental management goals. 
However this consists of skeletal guidance only and in order to plan for long term 
competitiveness, companies should look beyond standards’ frameworks to the 
available quantitative tools used to gauge environmental performance. The authors 
of this paper propose a system called Life Cycle Stressor Effects Analysis which 
expands on Life Cycle Analysis through an iterative process designed to analyse the 
significance and uncertainty of environmental effects. By using this stressor 
approach, the system will look for effects which trigger a multitude of effects 
afterwards. This type of ‘prime mover’ analysis is very interesting from a supply 
chain perspective where there are many interlocking systems which have large 
knock-on effects through the organisation. However, it is difficult to imagine the 
system, as explained in this paper, working in practice. The stressor effects
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networks ultimately result in data such as number of fish killed. These metrics are 
not always relevant to decision making in a company trying to improve its 
environmental performance and communicate that to its stakeholders, neither can 
they be aggregated to provide an overall picture of environmental performance 
without going into too much detail.
Cahan and Schweiger [22] stress the importance of integrating environmental 
considerations into corporate decisions making in order to reduce impacts through 
the product’s life cycle. This a very useful point, but the authors do not explore the 
complete product life cycle through takeback or consider the transport element of the 
life cycle. In another case study, Kodak [23] concentrates on hard measures of 
health and safety figures and it is not apparent in this paper how the performance 
measures are rolled out to other corporate operations such as the supply cycle or 
operating companies. James and Bennet [24] aim to show companies why they 
should be measuring environmental performance. Whilst this is the most 
comprehensive of the environmental performance measurement systems reviewed, 
it is too generic and would require a vast amount of information to make it work. The 
authors do not suggest what the outcomes of such a huge database would be and it 
is paramount to understand the reason for creating measures and the purpose they 
will serve before starting the highly complex process.
Although many companies have environmental management strategies, they have 
done nothing about integrating them into management decision making [25]. No 
company has yet designed a comprehensive system for integrating environmental 
cost into all management decisions. Epstein [25] is sure if environmental costs 
continue to be placed in overhead accounts and be spread across facilities and 
products in an arbitrary manner, then the causes of those costs will remain obscure. 
Therefore, he suggests that activity based costing can define which processes and 
products cause environmental costs and then strategies can be developed to deal 
with them. Product prices should include the current costs of past impacts, current 
costs of current impacts and future costs of current impacts. Like many 
recommendations reviewed in this paper, problems are foreseen with the actual
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implementation of this accounting procedure. Where are the drivers for 
environmental change in this system? A company would find it very difficult to 
include the environmental costs in the actual product price to the customer and so 
where is the actual value in knowing the full environmental cost? It would be hard 
for a company to show improvement on a year-on-year basis from this sort of metric.
James and Wehrmeyer [26] state that environmental performance measurement is 
concerned with the development and implementation of metrics to assess 
performance in environmentally significant areas of activity. They suggest that it can 
either take a cradle-to-grave approach or be driven by management considerations 
such as usability or simplicity, but that both types are influenced by contextual 
factors such as political climate, legislation, the size of the company and the 
management style and culture. Haines [27] suggests that environmental 
performance indicators are a way of balancing compliance with business economics. 
Although a valid point, it is a little short-sighted - environmental performance 
indicators can go far beyond compliance and business economics. From the 
corporate perspective, the Environmental Performance Indicator used by Nortel - an 
electronics manufacturer, concentrates almost solely on compliance and legal 
issues, they do attempt to address issues such as resource consumption, but the 
emphasis is definitely on compliance to legal standards [28].
Corbett and van Wassenhove [29] remind us that the disastrous effects of an 
incorrect performance measurement system is illustrated by the poor environmental 
state of Eastern Europe. Eastern European governments found a fixed relationship 
between input and output of plants. The input used by a plant was taken as the 
measure of a plant’s performance, as it was easier to measure than output. This 
provided plant managers with a very strong incentive to maximise input per unit 
output, leading to highly inefficient manufacturing practices currently encountered in 
Eastern Europe: the amount of energy and other inputs required by a plant per unit 
value of output is 2 to 3 times higher than that of the West.
Logistics Performance Measurement
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Information is a key factor in the continuing development of supply chain operations. 
Measurement is a quality management tool enabling the monitoring and subsequent 
better understanding of processes and operations. Metrics are favoured by financial 
institutions and are one way of comparing organisations. Measuring performance is 
not just about how well a company is doing, it is also a means of demonstrating its 
recognition of its obligation to the future. Caplice and Sheffi [30] recognise that the 
environment in which supply chains operate is changing rapidly. In order to 
accommodate this change, those managing the firm need adaptable and accurate 
performance metrics. However there is no need to create new metrics as the critical 
elements of logistics management remain the same - time, distance and money. 
Therefore it is recommended that firms revisit their performance systems and 
evaluate them anew. In this way, individual, function specific metrics are the building 
blocks of a measurement system. A good metric according to the authors is one 
which has the following qualities: validity by reflecting the actual process being 
measured, robustness in being widely accepted, usefulness if it is easily understood, 
integration if it promotes co-ordination across functions, economy by adding more 
value than cost, compatibility with existing information and systems, the level of 
detail must be sufficient and behavioural soundness in that it aligns people’s actions 
with the organisation’s objectives. However, the paper does mention that it is 
sometimes not possible to incorporate all these criteria into one metric and trade-offs 
have to be made. This is a useful paper as it confirms that it is better to use cross 
functional metrics in a complex organisation with many different functions. However 
these are very generic top level measurements which would not necessarily be very 
conducive to measuring environmental performance. Many sub level measurements 
would need to be taken to make this type of metric work.
New and Payne [31] point out that there are a certain set of difficulties with research 
into logistics. There is a trade-off to be made when studying logistics; technical 
progress is only made through rigorously concentrating on a small area however in 
order to have maximum managerial impact, the area of study is large, complex and 
possibly ambiguous. Work is of little value to an organisation if it is too simplistic, 
but conversely it is difficult to reach conclusions if the full extent of complex
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situations is incorporated. These authors think that soft measures are as important 
as hard measures and this is certainly true for the environmental impacts of supply 
chains where the local community around manufacturing sites and distribution 
centres is as important as the energy used or the emissions produced by that site for 
example. Variety in a control system is the most important criterion when managing 
a system which has a huge number of possible states - exactly the case in supply 
chain organisations [32]. Products proliferate, transnational companies focus 
production and serve markets around the world, the cost of holding inventory is very 
high and consequently Just-In-Time (JIT) is used. Reducing inventory in this way 
has a positive effect on cost, but customers are ever more remote and expect faster 
and more reliable delivery.
Cooper [33] believes that there is a paradox for logistics in Europe and that we are 
currently in a state of rapid change. Free trade is increasing, yet there are still 
fragmented markets in eastern Europe leading to a dichotomy of unification and 
diversification. Demand side logistics has come into being with companies dictating 
terms to suppliers. This has been encouraged from the environmental perspective 
with EMAS (Eco Management Audit Scheme) which requires environmental 
management principles to be pushed back to suppliers. Cooper predicts that the 
future will bring increased competition from Japan and the USA and new challenges 
in the form of the environment and Eastern Europe. These sentiments are echoed 
by Braithwaite and Christopher [34]. Production has become centralised but the 
markets are not homogenous and local variety is required whilst maintaining the 
advantage of standardised global production. The complexity of the logistics task is 
increasing exponentially with the extension in the range of products, shorter 
lifecycles, marketplace growth, the number of market channels, takeback of end of 
life equipment and value added services. The authors foresee a rise in air freight as 
supply chain costs are understood. This comment is a classic example of short 
term, cost-focused decision making. However, integrated freight modes are 
mentioned which would encourage rail transport, entailing an improvement in 
environmental performance. Ploos van Amstel and Verstegen [35] concur with this
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view of increasing customer demand and offer a ‘total logistics concept’ as a solution 
to these increasing demands.
Chow et al [36] maintain that improving effective decision making across firms will 
have many implications. These authors put forward a framework for research into 
organisational issues in logistics which outlines the steps in defining organisational 
properties in order that research results may be compared. They have identified 
four structural properties: centralisation, span of control, scope and formalisation. 
Integration is treated as a product of organisation structure, not as a property of it. 
Although the ideas set out in this paper are good ones, they are rather restrictive 
and more applicable to those researchers trying to work out how supply chains are 
operating, rather than incorporating new dimensions in the supply. On a more 
specific note, Narus and Anderson [37] advocate more flexible and responsive 
channels as a means to reducing cost and improving productivity. They encourage 
the use of information sharing to greater productivity and profit.
Logistics is not just about lifting and shifting, claims Christopher [38], but has an 
important contribution to make to competitive advantage. Logistics has the 
advantage of cutting across traditional functional boundaries and being able to 
provide an integrated concept. There is a debate currently underway as to whether 
it is better to take a vertical (or functional) focus in the firm or a horizontal (or 
process) orientation. Interestingly, Christopher in this paper, also remarks that 
customer service requirements can only be accurately determined through research 
and competitive benchmarking. In 1994, Cooper [39] provided an overview of 
logistics into the 21st century. He proposes that planning and forecasting will be 
very important, if somewhat difficult. To echo other statements reported in this 
literature review, markets are fragmenting, lifecycles shortening and greater degrees 
of customisation are both possible and offered. Until the 1970s products were 
pushed down distribution channels to the customer, during the Eighties systems 
became driven by customer needs and this demand pull logistics continues into the 
1990s. For the new millennium, logistics will move into flexible fulfilment, 
customising to the exact terms of product configuration and service. As Cooper
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highlights, uncertainty can lead to the inefficient use of time in logistics which 
becomes especially important when companies start competing through time in 
order fulfilment. Therefore ‘smarter systems are needed to simulate modelling 
approaches to test new designs thoroughly at the conceptual stage’. This is 
particularly pertinent in terms of the environment where it is important to identify the 
impacts resulting from a course of action before damage has occurred. Bytheway
[40] discusses the role of information in supply chain development and mentions that 
the combination of measures is dependent on the level of intended improvement. 
He also says that the role of information in supply chain improvement is not just 
about cost reduction, it can also be about improving merchandise flow, successful 
outsourcing, Kanban manufacturing (sell one, make one), JIT manufacturing, 
forecasting and accurate response, order fulfilment time, activity based costing or 
balancing trade-offs.
Business Performance Metrics
In order to ensure that all the most recent performance measurement discussion has 
been included, this section of the paper is extended to include some recent papers 
which discuss more general business performance measurement. Doyle [41] 
suggests that an over emphasis on profitability in measuring corporate performance 
leads to organisational instability by minimising expectations, concentrating on the 
short term and return on investment. Single measures like profitability measure 
performance from the perspective of one stakeholder only (the shareholder). Other 
main measures such as market share, shareholder value, acquisitive growth, 
employee satisfaction involve trade-offs with each other, as they are not compatible. 
Doyle continues to say that companies who concentrate on being excellent in one 
performance measure run the risk of disequilibrium and that the company needs to 
establish a ‘tolerance zone’ to meet as many stakeholder expectations as possible 
without causing conflict. Hastings [42] supports the view that purely quantitative 
measures do not reflect the aim of the company, as they reward short term value 
creation, not long term effect. He says that strategy needs to be evaluated using a 
hybrid of techniques which can deal with quantitative, qualitative and intangible 
criteria. Brown and Laverick [43] continue with much the same criticism that what is
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currently used is ‘yesterday’s performance measuring yesterday’s decisions and that 
what is needed are measures that provide today’s decisions which will benefit 
tomorrow’s performance’, 
compliance to legal standards.
Conclusions and Future Implications
As can be seen from this review the factions discussing improving logistics 
performance and the greening of supply chains are not currently compatible. There 
is no easy solution to evaluating environmental performance. The measurement 
systems in general concentrate too heavily on one aspect of environmental 
performance and that almost none of them of them have been able to incorporate 
‘softer’ indicators such as social costs and only a few the strategic implications of 
environmental performance. Many of the environmental metrics are extremely 
information intensive, this tends to lead to apathy amongst managers trying to 
develop them and then managers trying to use them. Performance measures need 
to be easily understood and readily applicable. Many of the papers reviewed here 
closely focus in upon transport, but this is not the only supply chain function, 
warehousing and inventory levels can also have far reaching impacts upon the 
environment. The measures presented here are often operational in focus, this is 
probably due to information availability and ease of presentation. However, 
environmental performance metrics need to be strategic in orientation, able to adapt 
to changing commercial and cultural situations. Practitioners discussing logistics 
performance improvement are focused only on the reduction of time and cost. This 
is a short term view and is not aimed at reflecting all the costs associated with a 
system or trying to understand them. This is not an improvement from the 
environmental perspective as time restrictions will inevitably encourage companies 
to use faster and less fuel efficient forms of transport. The systems and methods 
suggested above concentrate on the ability of the performance measurement to deal 
with rapidly changing situations, but are mainly focused on financial climate change. 
However, the authors of the papers reviewed agree that in order to improve logistics 
performance, companies need to reflect stakeholder requirements in their metrics. 
Some authors are also proposing that the only way that supply chains will improve
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their performance is to look at incorporating all costs so that functions can be singled 
out for further investigation.
From a corporate perspective, companies such as Xerox are constructing 
environmental performance methodologies which complement existing supply chain 
metrics to provide a comprehensive suite of logistics performance measurements. 
In this way Xerox can make decisions regarding logistics strategy which reflect 
stakeholder concerns, not just customer requirements related to delivery and quality. 
A model has been developed which takes a life cycle perspective through the whole 
supply chain and allocates environmental impact data at each life cycle stage. This 
means that the company is able to run different logistic scenarios through the model 
and make environmentally informed planning decisions. Cost and time data can 
also be incorporated into the model so that realistic trade-offs may be made which 
meet customer and stakeholder requirements.
It should apparent that there are advantages and disadvantages of these two 
aspects in improving overall supply chain performance either from a financial or an 
environmental perspective. It is suggested that the advantages of both be combined 
to meet increasing expectations from a wide range of stakeholders including the 
environment. This paper has shown that not only is logistics a developing subject 
area, but the understanding of where the environment fits into that function is in its 
very early stages.
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Abstract
The Integrated Supply Chain at Xerox Ltd is a large complex organisation which has 
many potential impacts on the environment. In order to better understand and 
reduce those impacts, an environmental bias has been introduced into the decision 
making process which allows more environmentally conscious decisions to be made. 
This paper details how the environmental bias was developed and how it can be 
used to provide both a measure of environmental performance for the whole supply 
chain, each functional element within the chain and for different product delivery 
scenarios. The environmental decision making tool construction is discussed and 
preliminary results show that it is the working life of a typical product which causes 
the biggest environmental impact.
Key words
Supply chain, environment, performance, measurement, improvement 
MEASURING THE ENVIRONMENT
It is suggested that it is the supply chains of the future that will bring true competitive 
advantage to companies (Christopher, 1993). Currently, supply chain organisations 
have to compete in rapidly changing circumstances. Customers’ requirements are 
becoming ever more stringent and companies aim to become increasingly customer 
focused. At Xerox, new digital products are configured to specific customer orders 
before they leave the factory and arrive at the customer premises ready to operate. 
Information to meet these customer demands is the key factor in the continuing 
development of supply chain operations. Increasingly, new ‘information rich’ 
performance metrics (or measurements) are being used to push improvement even 
further.
Practitioners of logistics recognise that the environment is important for supply chain 
operations as well as manufacturing. However this has been restricted in the past to 
certain areas of integrated supply chains such as manufacturing or purchasing 
functions. There have been considerable environmental developments within 
certain discrete elements of the integrated supply chain, but danger lies in viewing
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these aspects in isolation (Penman, 1994). This has certainly been recognised at 
Xerox and this paper details the bridging mechanism between those discrete 
elements which is currently under development.
XEROX LTD AND THE ENVIRONMENT
Xerox Ltd is the European arm of the Xerox Corporation. It is headquartered in the 
UK and has customers in 130 countries around the world. Xerox Ltd manufactures 
and sells office document solutions. Environmental initiatives in Xerox Ltd date back 
to the early 1960s when recovery, reuse and recycling programmes were first 
established by the company. They were implemented to ensure the safe recovery 
and disposal of environmentally sensitive materials and to help meet demand for 
equipment through reconditioning programmes. In 1990, with the burgeoning 
complexity of the Environment, Health and Safety field, it was becoming apparent 
that a systematic approach was needed to integrate and focus all the associated 
activities into a common programme. The principles of the Environmental 
Leadership programme are manifested in the establishment of several projects 
aimed at developing a Design For Environment methodology, whilst maximising 
product take-back and reuse, resource conservation and waste’minimisation.
Design For Environment embraces the whole life cycle of Xerox products, from 
design and procurement of parts to end of life reprocessing, and ensures that an 
increasing number of equipment components are reused by being interchangeable 
and compatible across different ranges of products. From a business viewpoint, one 
of the most critical areas within the product life cycle is the integrated supply chain.
It is responsible for ensuring that the right products get to the right customers at the 
right time, and that they are installed to give a fault-free start-up. Environmental 
initiatives in the Xerox Integrated Supply Chain include the reduction and reuse of 
packaging, return transport flows which bring used or unserviceable machines, 
parts, packaging and pallets back for recycling, reprocessing or remanufacturing, 
and the return of empty toner bottles and print cartridges (see Xerox Environmental 
Performance Reports 1995 and 1997 for more details).
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As demonstrated above, the Xerox integrated supply chain has developed many 
programmes to manage and reduce the environmental impacts of Xerox products, 
however it is also recognised that supply chain operations themselves have an 
environmental impact and that these were not being measured. Therefore the 
environmental performance metric was developed. Figure 1 shows how the 
manufacturing sites have applied the environmental management systems currently 
available (EMAS/ISO 14000) to manage and reduce their environmental impacts. 
However, such site-specific management systems are not suitable for supply 
operations, which are, by their nature, multi-site, disparate organisations.
Figure 1 below shows how the environmental performance metric acts as the 
bridging mechanism between the main elements of the supply chain so that they are 
not treated in isolation and environmental impacts are not seen as only a 
manufacturing issue. The Xerox Environmental Performance Metric provides a 
single indicator of environmental performance thus uniting all functional elements 
within the supply chain. The integrated supply chain covers the whole of the 
functions shown in the diagram, yet the environmental initiatives listed do not 
provide one environmental measure, but a series of function-specific measures 
which cannot give a true indication of environmental performance for the whole 
supply chain. The manufacturing sites at Xerox have developed environmental 
management systems using EMAS (Eco-Management and Audit Scheme) and ISO 
14000. Included with these are supplier environmental programmes which work with 
suppliers to reduce their environmental impact and asset recovery operations which 
carry out the recovery, reuse, recycling and remanufacturing or Xerox products and 
parts. The supply chain itself has reduced packaging through a number of initiatives 
and at the customer end, the operating companies are developing environmental 
management systems along the ISO 14000 methodology.
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Figure 1: The Xerox Environmental Performance Metric as a Bridging Mechanism
XEROX ENVIRONMENTAL PERFORMANCE METRIC
MANUFACTURING
EMAS/ISO 14000 
Waste Free Factory 
Supplier Programmes 
Asset Recovery Ops.
SUPPLY CHAIN
Packaging Free Products 
Transport loading rates
CUSTOMER
ISO 14000 
Waste Free Office 
Toner cartridge recovery
There is ample evidence that the environment is becoming increasingly important to 
companies. For Xerox, particularly in some parts of the world, it has become a vital 
and inextricable part of customer requirements and satisfaction. Popular concern 
with environmental issues is rising, as demonstrated by the increasing amounts of 
legislation concerned with the environment.
As differentiation between products in saturated markets becomes ever harder to 
find, companies search for the added value in other aspects of their operations and 
products. The environment adds a market edge, can add a premium to some 
products or introduce a ‘feel-good’ factor to customers and their businesses. It also 
greatly benefits a company’s efforts to be a good ‘corporate citizen’, to behave 
responsibly to its stakeholders. The environment has been shown to produce 
efficiency savings from a different perspective and there are many salutary tales of 
bottom line improvement (ETSU, 1997; Knight, 1996; Xerox, 1995).
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There are many proponents of both the new logistic performance metrics and the 
greening of supply chains. However it is suggested that these two disciplines are in 
danger of developing along divergent routes (McIntyre, 1998). The techniques 
aimed at measuring the performance of integrated supply chains have been found to 
be time and cost focused, aimed at coping with the rapid changes mentioned earlier, 
and so tend to be rather short term in outlook. Current work on environmental 
performance measurement is much longer term in outlook, but is information 
intensive and biased towards the supply side. The environment, therefore, seems to 
have no place in future supply chain measurements, running the risk of being 
increasingly sidelined. Logistics performance measurement seems unconcerned 
with longer term sustainability in terms of the environment - a very short term view in 
the light of such potentially rapid changes. Figure 2 below summarises some of the 
features of the new developments in logistics performance and greening supply 
chains, suggesting how they could be combined to improve logistics’ environmental 
performance.
Figure 2: The Features of Logistics Performance and ‘Greening’ Supply Chains
INTEGRATED SUPPLY CHAIN IMPROVEMENT
GREENING SUPPLY CHAINS
• information intensive
• transport focused
• operational orientation
• cultural perspectives
; economic and environmental 
costing
LOGISTICS PERFORMANCE
• short term view ‘ -
'• time/cost reduction focused :
• rapid change - . ‘
• financial orientation : ' ,
• stakeholder emphasis - J
• full cost accounting
Amalgamate advantages 
of both logistics performance 
and greening supply chains to 
> build an environmental .< 
performance metric which allows 
long term views to be 
represented by short term metrics.
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It is necessary, therefore, to design a top level decision making tool for the Xerox 
Integrated Supply Chain. The tool is aimed at senior managers and will enable more 
environmentally conscious decisions to be made about manufacturing and supply
j
chain strategy at any point in a product’s life cycle. As suggested the environment is 
of increasing importance to the integrated supply chain and will form part of the new 
generation of more externally focused logistics metrics. Information is seen as being 
key to the future competitiveness of integrated supply chains and the management 
and dissemination of this information is vitally important. The metric has to be 
designed to represent all sections of the integrated supply chain. However, as can 
be appreciated, there are many different functions within a supply chain, all of which 
have distinct performance measurements and different effects on the environment. 
Figure 3 demonstrates that all of these impacts and measurements make it hard to 
encapsulate the overall picture of environmental performance throughout the 
organisation. The many different processes result in many different impacts on the 
environment and while all of these could be recorded and indeed many are, they 
cannot be added together or be compared to give an overall performance view.
Until the environment becomes represented by an easily understood, top-level 
metric, it will be difficult to achieve the level of environmental integration which will 
be required to make the leap into long term environmental sustainability.
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Figure 3: The Xerox Ltd Integrated Supply Chain showing some environmental 
impacts
•transport •transport
•resource use •mode
•storage •warehouse
•paint/detergent use 
►water consumption 
►dust
Logistics
Process
Materials
Process
Manufacturing 
Process
•servicing
•electricity
•toner
cartridges
ENVIRONMENTAL INDICATORS
In order to tackle this problem, an ‘environmental common denominator’ approach 
has been adopted. All processes and operations have environmental themes 
running through them: the amount of energy they consume, their materials intensity 
or the pollutants produced. It is these which the Xerox Environmental Performance 
Metric has concentrated on, as demonstrated in Figure 4.
239
tne case or Aerox liq
Figure 4: The Xerox Environmental Performance Matrix
ENVTL 
COMMON  
DENOM­
INATOR
ENERGY
CONSUMP
TION
E aq +  E as + Ed + E, + Ew, + Er + Ear
MATERIALS
INTENSITY M aq +  M as + Md + Mj + MW| + Mr + Mar
POLLUTANTS
EMITTED
P1 aq +  P as + Pd +  p i +  p wl +  P r +  P ar
In this way, it is possible to identify ‘hot spots’ of environmental impact within the 
integrated supply chain which can be targeted and improved. This matrix approach 
is readily expanded to incorporate other factors such as financial cost and time to 
represent the business case. Values such as corporate priorities can be added to 
reflect changing attitudes and situations. The actual data contained within the model 
is only useful to identify the ‘hot spots’ of high energy consumption or low materials 
intensity. The real strength of this decision making tool comes when planning future 
strategies or assessing different manufacturing or product delivery scenarios. In this 
way different scenarios can be run which highlight changes in the ‘hot spots’ of 
environmental impact or affect overall values. For example, a decision can be made 
regarding currently ambiguous situations - the life cycle cost of different servicing 
strategies. Decisions such as these are currently being made at Xerox without the 
ability to consider the whole picture. This in no way suggests that current decisions
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are the wrong ones, but that this is uncertain from an environmental perspective, 
owing to the lack of effective measurement tools.
CONSTRUCTING THE DECISION MAKING TOOL
The model seen above was constructed using data readily available at Xerox Ltd. 
The population of the model with all the necessary data to work took approximately 
1 year. This may appear to be a disproportionate length of time, but this amount of 
time will not be required for planning future scenarios as much of the data will be 
consistent and will only require minor adjustment for length of transport link or 
change of packaging material type for example. By taking the standard elements of 
the supply chain e.g. acquire, this meant that the model, although measuring a 
different aspect of the supply chain, was familiar to those who were intended to use 
it. It is important to present a recognisable format to potential practitioners - in a _ 
familiar language using customary terms and formats.
Each element of the supply chain was broken down into its component parts. This 
was achieved by taking one product delivered through the Xerox Ltd integrated 
supply chain and interviewing those managers responsible for that element of the 
supply chain.- This yielded a list of sub-processes for which specific data could be 
gathered. An example of this can be seen in Figure 5 which provides data for Ej as 
seen in the above matrix (see Figure 4)
Figure 5: The sub-processes of the Install element of the Xerox Ltd Integrated 
Supply Chain for one product scenario
DATA REQUIREMENTS
National warehouse heating and lighting in MJ
Journey to cross dock warehouse Overnight trunking in 32 tonne truck 
@ 2.5km/l. Average journey 280 km. 
Diesel fuel = 45 MJ/I. Journey uses 
5040 MJ
Local delivery to customer Local 7 .5 1 truck @ 6 km/l. Average
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journey 64 km.
1/2 day’s training to use machine 
provided by local sales office
2.0 I diesel car @ 14km/l. Average 
journey 40 km.
Operator manuals included with 
machine.
0.5 kg manual, paper back, metal 
spiral bound. Energy data from Nokia 
LCA-study.
As discussed, the environmental common denominators of energy consumption, 
materials intensity and pollutants emitted have already been identified. This made 
data gathering a more straightforward process as specific information was sought 
from those particular parts of the organisation. It then became a matter of 
standardising the data across the supply chain to provide a measure of 
environmental performance able to be compared both across the supply chain in 
different scenarios and within the distinct functional elements. For energy 
consumption this was a matter of converting electricity and gas consumption by - 
manufacturing plants presented in kWh (kilowatt hours) into MJ (megajoules) and 
similarly converting the fuel energy consumed by transport elements in litres of 
diesel to MJ. The conversion factors for these are standard terms of reference and 
can be found in Boustead & Hancock, 1981. This gives a total energy consumption 
for each element within the supply chain and across that particular supply chain 
scenario. As mentioned above, this work has concentrated on one supply chain 
scenario to simplify the amount of data required to populate the model and 
demonstrate its use.
Although somewhat crude, the model as described above provides a method for 
comparing different supply chain scenarios and for understanding where in a supply 
chain the environmental ‘hot spots’ are. This in turn provides indicators for where to 
concentrate effort in managing and reducing environmental impacts. In effect, it acts 
as a root cause analysis for identifying and prioritising environmental impacts within 
a very large and complex organisation.
ENERGY CONSUMPTION
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Once all the data had been collected, the functional unit then had to be established. 
This is important so that the terms of reference for the following results are 
confirmed. As mentioned above, one product has been used for clarity when 
collecting data. This is a new product which represents the future of products for 
Xerox Ltd. The geographical area was restricted to the UK - again for ease of data 
collection, but this could be readily expanded for the whole of Europe. The average 
lifetime of these products is assumed to be approximately 5 years, although this is 
difficult to predict as the products are designed to be upgradeable within the 
customer’s premises. Therefore the functional unit is one year’s service from a 
digital copier/printer. This ‘discounts’ the environmental impact of acquiring the 
components, assembling the machine, delivering and installing it by 5, as this ‘cost’ 
is, in effect, spread over the 5 years of lifetime. For energy consumption, this results 
in the following graph shown in Figure 6:
Figure 6: Graph demonstrating E tota, (see Figure 4: Environmental Performance 
Matrix
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Energy consumption has also been divided into ‘direct’ energy consumption e.g. the 
electricity used by the machine itself, ‘transport’ e.g. the energy used when 
transporting the machine to the customer’s premises and ‘other’ e.g. the energy 
used to make the packaging for the machine. This provides a good level of analysis
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to show where the environmental ‘hot spots’ are and what the Xerox supply chain 
organisation should concentrate on to minimise its overall environmental impact.
For example for the scenario shown above, the supply chain should concentrate its 
efforts on the servicing of the machine and the delivery of spare parts, or it could 
look at the geographical acquisition of raw materials. These results are not 
unexpected. Full Life Cycle Analysis (LCA) of another Xerox product and washing 
machines have shown that it is the working life of the machine which creates the 
biggest environmental impact (Xerox Corp., 1997; Jonson, 1997). This is certainly 
the case in terms of energy as seen above. The above graph represents one 
environmental impact mapped for the whole supply chain scenario of one product. 
However, more than one environmental common denominator has been identified to 
usefully describe the environmental impacts arising from the life cycle stages of a 
Xerox product. Another common denominator which has been mapped is the 
pollutants which are emitted from each life cycle stage in the life of this Xerox 
product. Pollutants emitted were chosen because all stages in the life of a product 
cause airborne pollutants to be emitted to the atmosphere whether directly or 
indirectly. There are diesel emissions from freight trucks delivering components to 
the manufacturing site or finished goods to the customer, and also indirect air 
emissions from power stations generating electricity used to run the product or 
operate machinery which manufactures the machine.
AIR POLLUTANTS EMITTED
Although all stages in the life cycle of the product result in air emissions, there are 
many different types and again the problem of comparing like with like throughout 
the supply chain arose. Recently ICI Pic in the UK have put together their 
‘Environmental Burden Approach’ to measuring pollutants emitted from their 
operations in the UK (ICI, 1997). The Approach ranks different chemical emissions 
in order of their potential to cause environmental damage. Chemicals are compared 
and given a ‘Global Warming potential’ which indicates how effective that chemical is 
in adding to global warming. Carbon dioxide is given a global warming potential of 1 
and carbon monoxide of 3. ICI have generated these indices (see ICI report for 
details; ICI, 1997) using external experts to validate the methodology and data. The
244
tne case or Aerox liq
formula which enables the evaluation of the relative potential environmental impacts 
of ICI’s emissions reflects both the weight (in tonnes) and the potency of each 
substance emission to exert its possible impact. This gives an overall global 
warming potential for that chemical plant’s emissions.
The rationale for applying this methodology to the Xerox Ltd integrated supply chain 
is that it too has many different functional elements all of which produce a range of 
chemical emissions. Simply adding these together would not give a readily 
understandable metric which would indicate whether or not that supply chain 
scenario caused less environmental impacts than another. Of course, there are 
orders of magnitude difference between the air emissions produced by an ICI 
chemical plant and the install function of the Xerox supply chain for example, but the 
comparability across functions in still valid.
Using the same sub processes as identified in the above energy consumption 
model, air emissions are allocated to the elements of the supply chain. The data 
used is taken from a variety of published sources and also from the Eco-bilan life 
cycle analysis software databases that Xerox Corporation uses for full product life 
cycle studies (Xerox Corp., 1997). This data is not claimed to be irrefutable, but the 
best that is available at the current time. When more accurate data becomes 
available it will be inserted into the model. Air emissions arising from power 
generation are taken from the UK Electricity Industry’s web site and uses data from 
1995 (UK electricity industry, 1997) and are those attributed to power generation 
from fossil fuel. In the UK, this accounts for 64% of the total power generated, but 
for this study 100% of electricity is assumed to be generated from fossil fuel fired 
power stations. This makes the air emissions from electricity consumption higher 
than they are actually, but for comparison sake, this does not distort the figures 
disproportionately. The graph below (Figure 7) indicates that again it is the working 
life of the product that causes the most environmental impact due, in the main, to the 
direct energy consumption of the machine and manufacture and delivery of spare 
parts.
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Figure 7: Graph showing the Kilograms of C 02 equivalent from the life cycle stages 
of a Xerox Product (demonstrates P tota, from the Environmental Performance Matrix - 
see Figure 4)
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MATERIAL INTENSITY
MIPS or material intensity per unit of service is a relatively new method for 
measuring environmental impact. Like energy it is an input measure of 
environmental impact. The bulk of this work has been carried out by the Wuppertal 
Institute in Germany and it is this work that has been drawn on to construct the 
Xerox supply chain material intensity. The Wuppertal Institute’s rationale for 
developing such a tool is that the monetary internalisation1 of environmental costs will 
take a long time to achieve and in the meantime the environment is not being 
reflected in market prices. Therefore the price of goods and services is not priced 
according to the environmental damage that they cause and as they will continue to 
be consumed at ever-increasing rates, they will continue to inflict large amounts of 
damage on the environment. In particular, argue the researchers at the Institute, 
Western economies use too many resources in the production of their goods and 
services and this is not sustainable. A 10 fold decrease in the amount of materials is 
needed to be able to approach sustainable development. It is proposed that it is
DIRECT
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possible to provide the same unit of service but at higher material intensities. Such 
a rationale encourages the recycling and reuse of materials and as such was 
interesting from Xerox’ perspective as it can show concrete proof of a benefit to the 
environment from the recovery and reuse of equipment and components.
Materials intensity is defined as the ‘sum of all environmental materials including 
energy carriers, needed to produce, operate, maintain and correctly dispose of a 
good, usually expressed in mass per product’. Boundaries are drawn around the 
system and kilograms of materials used are summed. The amount of displaced 
materials is also included, but has not been included in the Xerox model due to a 
lack of data. Bringezu (1993) in particular, suggests that looking at just the output 
side of environmental impact, i.e. pollution produced, does not give the complete 
picture and that it is important to also recognise the environmental impact that is _ 
caused by the use of resources and materials to produce and maintain a good or 
service. Also called resource intensity analysis (RIA), materials intensity enables a 
company to see which primary materials are consumed to largest extent by a service 
and which processes cause the highest consumption of those materials. As stated 
‘it is difficult to solve the output problems of industrialised countries by shutting 
output locks while leaving the input doors open’ (Bringezu, 1993).
Compiling the materials intensity for the Xerox Integrated supply chain was relatively 
straightforward as the processes have already been mapped and the amounts of 
materials used identified for both the energy consumption and pollutants emitted 
analysis. Conversion factors from Boustead and Hancock (1981) were used to 
calculate how much coal and gas had been used to produce the known amounts of 
energy used in the supply chain. The methodology and means of displaying the 
data are drawn directly from Kranendonk and Bringezu (1993) from the Wuppertal 
Institute and are seen below in Figure 8. •
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Figure 8: The Materials Intensity calculation for one Xerox Integrated Supply Chain 
scenario
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As indicated some data remains to be collected, but it is apparent that again, it is the 
working life of the machine which uses the most material inputs, this time due to the 
amount of paper used by the machine during its life.
CONCLUSIONS
By choosing a few sensible environmental indicators (or common denominators) it is 
possible to map the environmental impacts arising from an integrated supply chain 
without creating vast databases of information that only specialists would be able to 
use. The methodology as described above demonstrates a number of important 
issues. Firstly, that it is possible to measure the environmental performance of an 
integrated supply chain and by doing so establish a unit of measurement from which 
to manage future performance. Secondly, that different delivery scenarios can be 
compared from an environmental basis and so the best environmental option can.be 
identified and used. Thirdly, that an environmental bias can be introduced into the 
decision making process within supply chain organisations. With the provision of an 
environmental performance metric, it is possible to optimise the environment against 
other supply chain metrics such as customer satisfaction, inventory levels or product 
availability and so look for those ‘win-win’ scenarios which deliver the right product to 
the right customer at the right time and minimise environmental impact. This work 
continues to expand this level of understanding within Xerox Ltd and is now being 
incorporated into standard supply chain modelling at Xerox Ltd. This will result in 
more environmentally conscious decision making in the Xerox Ltd Integrated Supply 
Chain.
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ENABLING ENVIRONMENTALLY CONSCIOUS DECISION MAKING IN
SUPPLY CHAINS
Kirstie McIntyre 
Xerox Ltd
It is suggested that it is the supply chains of the future that will bring true competitive 
advantage to companies (Christopher, 1993). Currently supply chain organisations 
have to compete in rapidly changing circumstances, not least legal but also 
customer requirements, performance measurements, data provision and labour 
markets to name a few. Information is a key factor in the continuing development of 
supply chain operations. Measurement is a quality management tool enabling the 
monitoring and subsequent better understanding of processes and operations. 
Measuring performance is not just about how well a company is doing, it is also a 
means of demonstrating its recognition of its obligation to the future. The 
environment in which supply chains operate is changing rapidly. In order to 
accommodate this change, those managing the firm need adaptable and accurate 
performance metrics (Caplice & Sheffi, 1994). The Integrated Supply Chain at 
Xerox Ltd is a large, complex organisation which has many potential impacts on the 
environment. In order to better understand and reduce those impacts, an 
environmental bias has been introduced into the decision making process which 
allows more environmentally conscious decisions to be made. This chapter details 
some of the issues concerning the measurement of environmental performance in 
supply chains and how Xerox has developed its own environmental performance 
metric to provide a measure of environmental performance for the whole supply
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chain, each functional element within the chain and for different product delivery 
scenarios.
A review of current measurement techniques in the supply chain discusses the 
apparent divergence between two developing schools of thought on measuring 
supply chain performance and greening supply chains (McIntyre, 1998). Although 
there has been considerable effort placed on measuring supply chains in order to 
assess their performance, these techniques have been found to be time and cost 
focused, aimed at coping with rapid change. This approach tends to have a short 
term outlook. Work on ‘greening’ supply chains is much longer term in outlook, is 
information intensive and biased towards the supply side. These two mindsets 
appear to be developing in conflicting directions. This is an alarming prospect for 
the environment which has no place in future supply chain performance 
measurements, thus running the risk of being increasingly side-lined; and for 
performance measurement which is unconcerned with longer term sustainability in 
terms of the environment.
The study of logistics is a developing subject area, but practitioners are realising that 
the environment is important for supply chain organisations too. There have been 
considerable environmental developments within certain discrete elements of the 
supply chain, but the danger lies in viewing any of the aspects in isolation (Penman, 
1994). There is a need to look strategically beyond the immediate environmentally- 
driven aspects of supply chain management. The logistics discipline is well qualified 
to deal with cradle to grave issues because of logistics’ focus on supply chain 
management, which emphasises the control of materials from suppliers, through 
value added processes and on to the customer. The interface between logistics and 
the environment is embedded in the value-adding functions a firm performs (Wu & 
Dunn, 1995). To minimise total environmental impact, it must be evaluated from the 
total system perspective.
However there are still many advocates of concentrating on one or two aspects of 
supply chain operations and functions in order to improve overall environmental
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performance. While there is nothing wrong with taking this approach to begin with, it 
is difficult to see where the most environmental impact is realised in the supply chain 
and whether it is being reduced by acting on one part of the whole chain. Functional 
units within a supply chain which are recommended for environmental action are the 
transport and storage of goods. Cooper et al (1992) suggest that as this is at the 
centre of any logistics activity and that these are where a company should 
concentrate its efforts to reduce its environmental impacts. Transport is viewed as 
an activity with a negative environmental impact, yet the transport sector represents 
7% of the GDP of Western Europe and employs 7% of the workforce. On the other 
hand the cost to society in terms of congestion, pollution and accidents has been 
estimated to be 5% of the GDP (Howie, 1994). Reverse logistics management is 
also recommended as the answer to improving the environmental impact of the 
supply chain by improving material use. Lamming and Hampson (1996) mention 
that ‘environmental pressures may be expected to increase in the future’ and 
suggest that ‘an effective means of dealing with them must be implemented through 
the purchasing function’. The supplier base of a company can act as the focus for 
supply chain environmental performance, but environmental performance criteria 
needs to be attached to the whole supply chain function to encompass the whole, 
not just the up-stream effects.
The accounting function of a supply chain is proposed as the ideal environmental 
performance measurement tool. ‘Life cycle costing’ encompasses every 
conceivable direct and indirect cost associated with the acquisition, operation, 
support and disposal of the system. It should be capable of providing comparisons, 
identify risks and establish baseline data for sensitivity analysis (Jones, 1995). 
Accountancy can act as a scorekeeper, but it has not yet achieved this role for the 
environment. The incorporation of the environment into accountancy may help 
managers to decide whether they are moving away from or towards sustainability 
(Bebbington et al, 1994). However formal decision analysis and traditional 
management accounting neglect the social costs and benefits of corporate activities. 
Management are under pressure to provide this type of information to their 
stakeholders, but specialist information on the environment is unfamiliar to
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accounting systems. Conventional accounting and traditional economics consider 
preference indicated by willingness to pay, but this is a rather exploitative approach 
to natural resources.
Stakeholders are also taken as the focus for environmental performance (Azzone et 
al, 1996 : IBM, 1995). IBM asked its stakeholders - employees, customers, 
investors, decision makers etc. what they considered to be the most important 
aspects of IBM’s environmental performance. The results were quite interesting and 
showed that proof of concern and action for the future was foremost in the 
stakeholders’ minds. Cahan and Schweiger (1994) stress the importance of 
integrating environmental considerations into corporate decisions making in order to 
r reduce impacts through the product’s life cycle. This a very useful point, but neither 
takeback nor the transport element of the life cycle are considered. James and 
Bennet (1993) aim to show companies why they should be measuring environmental 
performance. Whilst this is the most comprehensive of the environmental 
performance measurement systems reviewed, it is too generic and would require a 
vast amount of information to make it work. What the outcomes of such a huge 
database would be are not clear..
Corbett and van Wassenhove (1991) remind us that the disastrous effects of an 
incorrect performance measurement system is illustrated by the poor environmental 
state of Eastern Europe. Eastern European governments found a fixed relationship 
between input and output of plants. The input used by a plant was taken as the 
measure of a plant’s performance, as it was easier to measure than output. This 
provided plant managers with a very strong incentive to maximise input per unit 
output, leading to highly inefficient manufacturing practices currently encountered in 
Eastern Europe: the amount of energy and other inputs required by a plant per unit 
value of output is 2 to 3 times higher than that of the West.
Logistics is not just about lifting and shifting, but has an important contribution to 
make to competitive advantage. Logistics has the advantage of cutting across 
traditional functional boundaries and being able to provide an integrated concept.
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There is a debate currently underway as to whether it is better to take a vertical (or 
functional) focus in the firm or a horizontal (or process) orientation (Christopher, 
1993). Cooper (1994) proposes that planning and forecasting will be very important 
to supply chains in the future, if somewhat difficult. Until the 1970s products were 
pushed down distribution channels to the customer, during the Eighties systems 
became driven by customer needs and this demand pull logistics continues into the 
1990s. For the new millennium, logistics will move into flexible fulfilment, 
customising to the exact terms of product configuration and service. As Cooper 
highlights, uncertainty can lead to the inefficient use of time in logistics which 
becomes especially important when companies start competing through time in 
order fulfilment. Therefore ‘smarter systems are needed to simulate modelling 
approaches to test new designs thoroughly at the conceptual stage’. This is 
particularly pertinent in terms of the environment where it is important to identify the 
impacts resulting from a course of action before damage has occurred.
From the comments summarised above it is apparent that there is a need for a top 
level decision making tool for the supply chain, one which considers every part of the 
supply chain and which can be related back to the metrics which are used to plan 
better supply chains. At Xerox Ltd, such a tool has been designed and is aimed at 
senior managers to enable more environmentally conscious decisions to be made 
about manufacturing and supply chain strategy at any point in a product’s life cycle. 
As suggested the environment is of increasing importance to the integrated supply 
chain and will form part of the new generation of more externally focused logistics 
metrics. Information is seen as being key to the future competitiveness of integrated 
supply chains and the management and dissemination of this information is vitally 
important. The metric has to be designed to represent all sections of the integrated 
supply chain. However, as can be appreciated, there are many different functions 
within a supply chain, all of which have distinct performance measurements and 
different effects on the environment.
All of these impacts and measurements make it hard to encapsulate the overall 
picture of environmental performance throughout the organisation. The many
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different processes result in many different impacts on the environment and while all 
of these could be recorded and indeed many are, they cannot be added together or 
be compared to give an overall performance view. Until the environment becomes 
represented by an easily understood, top-level metric, it will be difficult to achieve 
the level of environmental integration which will be required to make the leap into 
long term sustainability. In order to tackle this problem, an ‘environmental common 
denominator’ approach has been adopted. All processes and operations have 
environmental themes running through them: the amount of energy they consume, 
their materials intensity or the pollutants produced. It is these which the Xerox 
Environmental Performance Metric has concentrated on as demonstrated in Figure 
1.
Figure 1: The Xerox Environmental Performance Matrix
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In this way, it is possible to identify ‘hot spots’ of environmental impact within the 
integrated supply chain which can be targeted and improved. This matrix approach 
is readily expanded to incorporate other factors such as financial cost and time to 
represent the business case. Values such as corporate priorities can be added to
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reflect changing attitudes and situations. The actual data contained within the model 
is useful to identify the ‘hot spots’ of high energy consumption or low materials 
intensity. However, the real strength of this decision making tool comes when 
planning future strategies or assessing different manufacturing or product delivery 
scenarios. In this way different scenarios can be run which highlight changes in the 
‘hot spots’ of environmental impact or affect overall values. For example, a decision 
can be made regarding currently ambiguous situations - the environmental impacts 
of different servicing strategies. Decisions such as these are currently being made 
at Xerox without the ability to consider the whole picture. This in no way suggests 
that current decisions are the wrong ones, but that this is uncertain from an 
environmental perspective owing to the lack of effective measurement tools.
The model seen above is constructed using data readily available at Xerox Ltd. By 
taking the standard elements of the supply chain e.g. acquire, this means that the 
model, although measuring a different aspect, is familiar to those who are intended 
to use it. It is important to present a recognisable format to potential practitioners - 
in a familiar language using customary terms and formats. Each element of the 
supply chain is broken down into its component parts. This is achieved by taking 
one product delivered through the Xerox Ltd integrated supply chain and 
interviewing those managers responsible for that element of the supply chain. This 
yielded a list of sub-processes for which specific data could be gathered. This 
makes data gathering a more straightforward process as specific environmental 
information is sought from those particular parts of the organisation. It then 
becomes a matter of standardising the data across the supply chain to provide a 
measure of environmental performance capable of being compared both across the 
supply chain in different scenarios and within the distinct functional elements. For 
energy consumption this is a matter of converting electricity and gas consumption by 
manufacturing plants presented in kWh (kilowatt hours) into MJ (megajoules) and 
similarly converting the fuel energy consumed by transport elements in litres of 
diesel to MJ. The conversion factors for these are standard terms of reference and 
can be found in Boustead & Hancock (1981) for example. This gives a total energy 
consumption for each element within the supply chain and, by totalling across the
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matrix, for that particular supply chain scenario. As mentioned above, this work has 
concentrated on one supply chain scenario to simplify the amount of data required to 
populate the model and demonstrate its use.
Although somewhat crude, the model as described above provides a method for 
comparing different supply chain scenarios and for understanding where in a supply 
chain the environmental ‘hot spots’ are. This in turn provides indicators for where to 
concentrate effort in managing and reducing environmental impacts. In effect, it acts 
as a root cause analysis for identifying and prioritising environmental impacts within 
a very large and complex organisation. Once all the data has been collected, the 
functional unit then has to be established. This is important so that the terms of 
reference for the subsequent results are confirmed. As mentioned above, one 
product has been used for clarity when collecting data. This is a new product which 
represents the future of products for Xerox Ltd. The geographical area is restricted 
to the UK - again for ease of data collection, but this can be readily expanded for the 
whole of Europe. The average lifetime of these products is assumed to be 
approximately 5 years, although this is difficult to predict as the products are 
designed to be upgradeable within the customer’s premises. Therefore the 
functional unit is one year’s service from a digital copier/printer. This ‘discounts’ the 
environmental impact of acquiring the components, assembling the machine, 
delivering and installing it by 5, as this ‘cost’ is, in effect, spread over the 5 years of 
lifetime.
Preliminary results show that it is the working life of the machine which consumes 
the most energy relative to the other parts of its supply chain. The acquisition of the 
materials and components is also an important factor in the overall picture. These 
results are not unexpected. Full Life Cycle Analysis (LCA) of another Xerox product 
and washing machines have shown that it is the working life of the machine which 
creates the biggest environmental impact (Xerox Corp, 1997; Jonson, 1997). This is 
certainly the case in terms of energy. The energy consumption represented here 
includes the direct electricity consumption of the machine, the manufacture and 
delivery of spare parts including toner cartridges and the transport energy used by
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the service engineer when travelling to service the machine. However results also 
show that the delivery of components within the acquire function is also very 
important. This suggests that the sourcing of raw materials can have a great impact 
on the environmental performance of a product.
However, there is more than one environmental common denominator that has been 
identified to usefully describe the environmental impacts arising from the supply 
chain of a Xerox product. Another common denominator which has been mapped is 
the pollutants which are emitted from each stage in the supply chain of this Xerox 
product. Pollutants emitted were chosen because all stages in the life of a product 
cause airborne pollutants to be emitted to the atmosphere whether directly or 
indirectly. There are diesel emissions from freight trucks delivering components to 
the manufacturing site or finished goods to the customer, and also indirect air 
emissions from power stations generating electricity used to run the product or 
operate machinery which manufactures the product. Although all stages in the life 
cycle of the product result in air emissions, there are many different types and again 
the problem of comparing like with like throughout the supply chain arises. Recently 
ICI Pic in the UK put together their ‘Environmental Burden Approach’ to measuring 
pollutants emitted from their operations in the UK (ICI, 1997). The Approach ranks 
different chemical emissions in order of their potential to cause environmental
i
damage. Chemicals are compared and given a ‘Global Warming potential’ which 
. indicates how effective that chemical is in adding to global warming. Carbon dioxide 
is given a global warming potential of 1 and carbon monoxide of 3. ICI have 
generated these indices (see ICI report for details; ICI, 1997) using external experts 
to validate the methodology and data. The formula which enables the evaluation of 
the relative potential environmental impacts of ICI’s emissions reflects both the 
weight (in tonnes) and the potency of each emission to exert its possible impact.
This gives an overall global warming potential for that emission.
The rationale for applying this methodology to the Xerox Ltd integrated supply chain 
is that it too has many different functional elements all of which produce a range of 
chemical emissions. Simply adding these together would not give a readily
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understandable metric which would indicate whether or not that supply chain 
scenario caused less environmental impacts than another. Of course, there are 
orders of magnitude difference between the air emissions produced by an ICI 
chemical plant and the install function of the Xerox supply chain for example, but the 
comparability across functions in still valid. Using the same sub processes as 
identified in the energy consumption model, air emissions are allocated to the 
functional elements of the supply chain. The data used is taken from a variety of 
published sources and also from the Eco-bilan life cycle analysis software databases 
that Xerox Corporation uses for full product life cycle studies (Xerox Corp, 1997). 
This data is not claimed to be irrefutable, but the best that is available at the current 
time. When more accurate data becomes available it will be inserted into the model. 
Air emissions arising from power generation are taken from the UK Electricity 
Industry’s web site and uses data from 1995 (UK electricity industry, 1997) and are 
those attributed to power generation from fossil fuel. In the UK, this accounts for 
64% of the total power generated, but for this study 100% of electricity is assumed 
to be generated from fossil fuel fired power stations. This makes the air emissions 
from electricity consumption higher than they are actually, but for comparison sake, 
this does not distort the figures disproportionately. The results indicate that again it is 
the working life of the product that causes the most environmental impact due, in the 
main, to the direct energy consumption of the machine and manufacture and 
delivery of spare parts.
The methodology described above has shown that environmental impacts can be 
modelled for a complex, dynamic, multi function organisation such as the Xerox Ltd 
Integrated Supply Chain. The results generated are enabling relationships to be 
established between current measure of performance within the supply chain such 
as stocking levels in warehouses and the environment. In this way, managers will 
be able to see what impact on the environment will result from their decisions made 
concerning the supply chain. This work continues to expand this level of 
understanding within Xerox Ltd and is now being incorporated into standard supply 
chain modelling at Xerox Ltd. The next steps with this project are to develop the 
Materials Intensity common denominator and to further establish the relationships
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between environmental impacts and current supply chain measures. This will result 
in more environmentally conscious decision making in the Xerox Ltd Integrated 
Supply Chain.
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Section 2 -  collaborative papers
Submitted to Long Range Planning
S ta k e h o ld e r  P r io r it ie s  - The Missing Link  
D e v e lo p in g  a  S t a k e h o l d e r  D r iven  S tr a te g y  for  T he  E n v ir o n m e n ta l
A ffa ir s  g r o u p  a t  X e r o x  Ltd
Graham Earl* and Kirstie McIntyre1 
S yn o p s is
Stakeholders and their needs and desires are an important, if not vital, component 
in the process of shaping and developing an effective strategy, especially when the 
strategy aims to add value to a business through improved environmental 
performance.
This paper details the application of the MADE (Multi Attribute Decision 
Environment) model for developing a stakeholder driven environmental strategy for 
the Environmental Affairs group at Xerox Ltd. Using the MADE model and working 
together with their stakeholders the Environmental Affairs group were able to 
identify and quantify the priorities of their key stakeholder groups. This information 
was then used to develop stakeholder specific strategies which maximise the. 
group’s value to the stakeholders and hence to the business.
* Graham Earl is a Research Engineer with the Engineering Doctorate (EngD) programme and is 
sponsored by the University of Surrey’s Centre for Environmental Strategy and Paras Ltd. His 
research has developed the Stakeholder Value Analysis Toolkit. This is a collection of tools (of which 
the MADE model is one) which have been designed to support decision makers in identifying, 
measuring and linking the stakeholder values driving environmental investment decisions.
1 Kirstie McIntyre is a Research Engineer with the Engineering Doctorate (EngD) programme and is 
sponsored by the University of Surrey and Xerox Ltd. Her research concerns the development and 
implementation of a tool to enable more environmentally conscious decision making in the Xerox 
Integrated Supply Chain.
265
The research has also enabled the Environmental Affairs group to set up effective 
dialogue channels with its stakeholders. As a result the group is now in a better 
position to meet stakeholder needs and demonstrate and promote the benefits of 
pursuing policies which improve the company’s environmental performance.
1. In t r o d u c tio n
Quantifying the value added from incremental improvements of a company’s 
environmental performance is not simple. Principally the uncertainty and 
complexities involved in this task arise from two sources. On the one hand there is 
the problem of quantification, since the value of environmental performance can 
take many forms.
Typically this will range from the simple quantification of tangible direct cost 
savings, for example due to lower energy consumption through to the more 
uncertain and subjective quantification of intangible factors, such as improved 
company image. The quantification problem is therefore multi-dimensional, that is, 
the value parameters do not all take the same form. This brings us to the second 
part of the problem, defining the trade-offs, or priorities, between the multi variate 
value parameters.
For decision makers aiming to develop or measure the effectiveness of an 
environmental strategy, the quantification problem is complicated by the fact that 
the value trade-offs are not necessarily identical for all of the stakeholders* being
* Stakeholders are defined here as more-or-less organised groups of people who stand to be affected 
by the implications of a strategy and who can directly or indirectly influence its consequences. For 
example customers may choose to boycott a certain product if a company is viewed as having an
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addressed through the strategy. As with beauty, which is said to lie in the eye of the 
beholder, the value of an environmental strategy or investment decision is similarly 
a function of the needs and priorities of the stakeholders for whom the strategy has 
been developed.
The predominant theme which emerges is that stakeholders and their needs and 
desires are an important, if not vital, component in the process of shaping and 
developing an effective strategy, especially when the strategy aims to add value to 
a business through improved environmental performance.
Indeed one does not have to look far to see the power of stakeholders in shaping 
the value of decisions which hinge on environmental performance: Shell’s initial 
foiled attempt to dispose of the Brent Spar was unusual in the amount of press 
coverage it generated, but is now regarded as an example rather than a unique 
event.
Put simply, the way stakeholders assess the value of environmental performance 
can have a dramatic direct or indirect effect on a business group or company’s 
performance, be this measured through sales revenue, market share or any other 
strategic indicator. This no doubt explains why Shell are now committed to public 
consultation, under the heading “The Way Forward”, to try and define the eventual 
fate of the Brent Spar[1].
ineffective environmental strategy. Decision makers are the stakeholder group charged with 
analysing and justifying a strategy/decision choice to all other stakeholders.
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This paper presents a methodology for canvassing, measuring and analysing the 
priorities different stakeholders place on the multi-variate value dimensions of 
environmental performance. The effectiveness of the methodology is presented 
through a case study set at Xerox Ltd. Here the research methodology was used to 
help establish stakeholder specific priorities for Xerox Ltd’s Environmental Affairs 
(EA) group so that the department would maximise the environmental and business 
value they add to the company’s stakeholders.
2. E n v ir o n m e n ta l  A ffa ir s  a t  X e r o x  Ltd
Xerox Ltd is the European arm of the Xerox Corporation. Its headquarters are in the 
UK and has customers in 130 countries around the world. Xerox Ltd manufactures 
and sells office document solutions. The Environmental Affairs group is based in 
Xerox Ltd’s headquarters.
Environmental Affairs in its current format was established in 1994 and has support 
from all functions within the organisation via the Environment, Health and Safety 
(EH&S) representatives at all sites. It is a multi-disciplinary group with members 
from many functions in the company. The group reports to senior management in 
the UK and to corporate EH&S management in the USA. The goal of the group is 
that Xerox Ltd be recognised as an environmental leader, realising competitive 
advantage from that leadership position. As such it has a wide remit to fulfil and a 
wide range of stakeholders to satisfy.
The key outputs of Environmental Affairs in 1998 are to understand customer 
requirements; identify, analyse and communicate legislative impacts, mandatory
and voluntary requirements; to be a centre of competence for the environment; to 
communicate and implement environmental strategy and programmes; to raise 
environmental awareness throughout the company; and to develop and 
communicate environmental marketing initiatives.
3. P r o je c t  A im
Measuring the performance of the Environmental Affairs group against the above 
outputs is a less straightforward exercise than measuring the performance of a 
marketing function for example. It can often be difficult to know whether the 
strategy set at the beginning of the year has yielded results for the customers which 
it was aimed at. Each set of customers (or stakeholders) has its own set of needs 
and priorities - the key customers identified by the Environmental Affairs group"are 
Xerox sales force and through them the final customer, Xerox Ltd senior 
management (they make the decisions), business groups (they plan the future 
strategy for Xerox products in the marketplace), and the market place (current and 
potential customers, including legislators, pressure groups and opinion formers).
The environment is a wide field for any company to encompass. Xerox Ltd wishes 
to be seen as an environmental leader within its industry and so is determined to 
cover a lot of ground. Setting the direction to cover all this ground is a daunting 
task, especially when there are so many potentially different stakeholder 
requirements. With the number of issues to be covered, it was obvious that 
priorities for action needed to be established.
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Therefore the aim of this project was to help Environmental Affairs at Xerox Ltd to 
set their priorities and meet customer requirements by closing the gap between the 
group’s perception of what customers’ wanted and what they actually wanted. 
From this a strategy could be drawn up which addresses stakeholder requirements 
on a year on year basis, provides a forum for review and feedback and establishes 
a baseline position from which future performance can be measured.
By cross comparing and clustering the measured stakeholder priorities this project 
aims to develop a more focused strategy for Environmental Affairs and hence 
suggest a stakeholder driven strategy for the group which will maximise its value to 
its stakeholders and hence to Xerox Ltd.
The ability to create a more focused environmental strategy is also an important 
factor for other groups within the company. For example, it is an important element 
for designing an environmentally conscious supply chain strategy for a complex and 
disparate organisation where there are many stakeholder groups and many 
potential environmental impacts [2].
4. METHODOLOGY
The Multi Attribute Decision Environment (MADE) model developed by Earl allows 
decision makers to assess stakeholder-wide views, perceptions and priorities. The 
MADE model which is practitioner orientated and has been developed, tested and 
validated through a number of industrial applications (for examples refer to [3,4,5]) 
has been used as the basis for this project. Figure 1 below illustrates the generic 
steps involved in the MADE model.
270
Multi Attribute 
Decision Environment 
MADE
Stakeholder 
Identification •’
Option Scoring 
Model
Trade off Value and 
Cluster Model
Option
Ranking
Value Tree 
Design
Figure 1 Multi Attribute Decision Environment Flow Scheme 
Each of the generic steps shown in Figure 1 is briefly outlined below.
Stakeholder Identification
The first step in the MADE process involves identifying the relevant stakeholders of 
the decision. In this context the definition of a stakeholder encompasses not only 
stakeholders external to the company, such as customers, but also includes 
internal stakeholders such as employees and company owners.
Value (Strategy) Tree Design
The next step in the process involves finding out what each stakeholder cares 
about, the aim being to identify and structure the values (performance attributes) 
they consider relevant for evaluation of a decision or strategy. The resultant form is 
referred to here as a value tree.
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A value tree's hierarchical levels follow directly from definition of an overall aim for 
the project at the top (termed the top level aim), to performance attributes that 
contribute to achieving the top level aim, to third level sub-criteria (which jointly 
contribute the second level criteria directly above) and so forth. The process starts 
at the more general (and sometimes uncertain) and moves, towards the more 
particular and concrete.
In designing the value tree, Keeney suggests that the analyst should ensure that 
the set of attributes (branches) are complete, operational, decomposable, non- 
redundant and minimal [6]. As such they should effectively provide a “road map” to 
help decision makers and stakeholders to visualise and conceptualise the decision 
problem.
Definition and Clustering of Value Trade-Offs
Value trade-offs or weights provide the mechanism by which it is possible to reflect 
the different priorities of stakeholders. The basic premise is that important attributes 
in the value tree receive high weights, while unimportant attributes get low weights. 
It is therefore possible for different stakeholders to agree on a common value tree 
even though their value preferences are different since these can be represented 
through their own weighting of the branches.
Whilst stakeholder-specific weights offer an elegant method to represent each 
stakeholder’s value tree, there are obvious difficulties with this approach. Firstly 
given ~a large number of performance attributes, it can be a complex and
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bewildering task to try simultaneously to assign actual numerical weights to all the 
performance attributes shown in the value tree.
Secondly, averaging of the weights defined for different stakeholders can seriously 
degrade the value of the analysis. For example, if one stakeholder group assigns a 
very high weight (95%) and another a very low weight (5%) to a performance 
attribute, the average of these two weights, 50%, is not necessary representative 
for either or both stakeholder groups. The MADE model employs two separate 
methodologies to deal with these challenges..
Pairwise Comparison Model for Weights and Consistency Definition
The methodology used to support this task is based on the pairwise comparison 
technique developed by Saaty [7]. The MADE model has drawn on Saaty’s pairwise 
method because it offers an intuitive and appealing method for eliciting the weights 
stakeholders place on the branches (performance attributes) in a value tree. The 
principle advantage of the pairwise comparison method over other weighting 
techniques is that it allows users to methodically and systematically determine their 
weights for a value tree's performance attributes simply by comparing pairs of 
attributes one at a time.
The analysis of the pairwise preference data produces a distribution of criteria 
weights and also provides a measure of consistency (known as a consistency
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index). The method has also been found to be relatively simple to use, which is an 
essential ingredient if the criteria weights of non decision analysts are sought/
Stakeholder Cluster Model
The underlying basis for the cluster model is that it is possible to find groups or 
“clusters” of stakeholders who share broadly similar priority weights. Rather than 
averaging out the value trade-offs of all the stakeholders a statistical analysis is 
carried out to “cluster” together stakeholders sharing predominantly similar value 
systems as demonstrated through their priority weights.
Option Scoring Model
This step in the process involves scoring the performance of an option or strategy 
against the performance attribute defined at the lowest level of the value tree. The 
MADE model uses an interval scale “word” model technique. A "word " model uses 
an absolute scoring system, which is calibrated against word descriptions to ensure 
consistency (See Figure 5 for an example word model developed to score 
Environmental Affairs).
Option Analysis
This is the final stage of the analysis and involves the calculation of a “total value” 
index for the option or strategy being assessed by the analysis.
* It is fair to say that there are numerous opponents [e.g. 8] and proponents [e.g. 9] of Saaty’s 
pairwise technique as a method for weight definition. It is sufficient to say here that the discussion 
centres on technical issues; for example, which mathematical procedure is best suited for extracting 
weights from a pairwise comparison matrix. Research by Golany [10] which compares the 
Eigenvector approach proposed by Saaty and used by the MADE weighting model with 5 other 
methods concludes that the Eigenvector approach is not dominated by any other of the methods 
investigated. Consequently this research has used the Eigenvector method rather than other 
techniques for calculating weights from pairwise comparisons.
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4.1 An It e r a t iv e  MADE P r o c e s s
The MADE process which is shown in Figure 1 has been used as the basic building 
block for this research’s process methodology. Figure 2 illustrates the process 
developed to meet the aims and objectives of this research application.
The process has been broken down into its three main constituents or phases. 
Phase I and II are essentially iterations of the MADE model, which aim to define the 
priorities for Environmental Affairs based on the group’s own perceptions (Phase I) 
and those of the group’s main external stakeholders (Phase II). The data outputs 
from Phase I and II are then used within the third and final phase of the research to 
define an action plan for the Environmental Affairs group which is sensitive to 
stakeholder priorities. This action plan therefore maximises the value of the group’s 
outputs to its stakeholders, and consequently, by more effectively promoting the 
value of environmental excellence leads to continuous improvement in the 
environmental performance of Xerox Ltd.
The process, methodological foundations and results from each phase and stage 
are described in the following sections.
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Phase I: Set a baseline for EA by defining EA priorities and self assessment of 
performance.
Data analysis of weights and 
scores
Define EA own priorities and 
perception of own performance
Design a strategy hierarchy for EA 
Group
Steps Outputs
Stakeholder driven strategy 
hierarchy
Group priority weights and 
performance scores
Identification of EA Group’s main 
stakeholders
Baseline of EA Group’s priorities 
and performance
Phase II:  Define EA’s priorities and performance using stakeholder perception data
Outputs
. Stakeholder names
Stakeholder specific weights 
and performance scores
Stakeholder weight clusters
Steps Choose Stakeholder 
 Group_____
Define representative stakeholders
Phase I I I :  Close the gap and maximise the value of EA to the business
Outputs from Phase 1 Outputs from Phase 2
EA'prioriLies an< •Stak^h^eretosfirpriorilies- and scores
Roundtable discussion between EA and stakeholders
Develop action plan to close gaps and maximise value of EA
Compare and contrast gaps in EA data and stakeholder data
Figure 2 Process Methodology
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4.2 P h a s e  I - F in d in g  t h e  P r io r it ie s  o f  E n v ir o n m e n t a l  A f f a ir s
The first phase was designed to use components of the MADE methodology to 
define a mission for Environmental Affairs and priorities for specific actions or tasks 
that contribute to the achieving the set mission. Through a self assessment of the 
EA group’s performance against the tasks with respect to different stakeholder 
groups it would be possible to define an overall and stakeholder specific baseline 
performance figure. These tasks were achieved over three steps.
Step 1: Strategy Hierarchy Design for Environmental Affairs
This step of the process aimed to define an overall mission and specific actions or 
tasks which would contribute to the goal. By structuring these into a hierarchy it 
would be possible to design a strategy hierarchy* for the Environmental Affairs 
group. This would form the basic reference framework for the remainder of the 
research project.
(
To achieve this task interviews were set up with eight members of the 
Environmental Affairs group. The individuals interviewed covered a wide range of 
responsibilities and functions. The interviews were semi-structured, but allowed 
freedom for the interviewees to set out their own personal feelings on what the EA 
group’s mission and tasks should be and who their stakeholders were.
The results from all the interviews were fed back to Environmental Affairs through 
an interim report which summarised the main topics of discussion and classified
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these into a mission statement and specific tasks. On the basis of these definitions 
the report also contained a proposal for a strategy hierarchy for the group1. 
Interviewees were invited to feedback their comments and these were used to 
finalise the design of the strategy hierarchy.
Figure 3 shows a summary of the final design of the hierarchy*. The EA group’s 
mission is shown at the top, below which are shown the core tasks (first level 
attributes) required to achieve the group’s mission. The principle stakeholders 
addressed by the mission and tasks are shown at the bottom of Figure 3.
Step 2: Group Pairwise Comparisons and Performance Appraisal
An interactive group session was arranged involving all of the members o f  the 
Environmental Affairs group. Using the pairwise comparison technique, the group 
members where guided through the pairwise comparisons required to calculate the 
priority weights for all of the branches (including the lower level branches not shown 
in Figure 3) in the strategy hierarchy.
The pairwise comparison technique was found to be particularly effective for the 
group exercise, because it helped to break down the task of priority setting into 
smaller simpler sub tasks, which was conducive to group appraisal and discussion.
* A strategy hierarchy is essentially the same as a value tree, however the terminology has been 
changed to demonstrate that the structure has been developed to evaluate a strategy rather than an 
investment option.
f The strategy hierarchy was also developed with reference to the following reports; Xerox Ltd 
Environmental Performance Report 1995, Xerox Ltd Environmental Book 1997, Xerox Ltd 
Environmental Affairs Blue Book 1997, and Xerox Corporation Environment, Health and Safety 
Report 1996
* Second level tasks were defined but have been omitted from Figure 3 for clarity
278
The priority weights defined through this session for the first level tasks (attributes) 
are summarised in Figure 4.
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Mission
To gain top level company commitment and fully support and promote Xerox Ltd.’s environmental 
policy commitments and hence be able to effectively provide leadership and direction to ensure that “The 
Document Company” Xerox is recognised and is amongst the world-wide leaders in EH&S and therefore 
is able to gain competitive advantage and influence legislation and standards
Recognition of Performance 
Internally
Recognition of Performance 
Externally
Influencing Attitudes
Understanding Requirements 
of Principle Stakeholders
Ensuring EH&S is integrated 
into the Business
Developing Xerox Ltd’ 
Ability and influence in 
setting standards
Sales Staff Other Staff
General Public
Executive Board
Pressure Groups
Business
Groups
IT Industry
Customer
Decision Makers/ 
Legislators
-Stakeholders
Figure 3 Environmental Affairs Strategy Hierarchy
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Environmental Affairs Priority Weights for Main Tasks
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Figure 4: Core Task (First Level) Weights for Environmental Affairs Group
The performance scoring was facilitated by a series of specially designed "word" 
models. Once again an interactive group session was used to facilitate this 
process. Figure 5 shows an example “word” model used to self-assess the EA 
group’s performance against the core activity - “Recognition of (environmental) 
performance internally”. Taking each task defined in the strategy hierarchy one at a 
time and using their own perception of performance the group specified separate 
scores for each stakeholder.
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For example, if the Environmental Affairs group felt that the “Executive Board” 
stakeholder group had a “good awareness and recognition of Xerox Ltd’s 
environmental performance” then the word model would indicate the EA group 
should award itself a score ranging between 50 and 75. The same procedure would 
then be repeated for the other stakeholders.
RECOGNITION OF PERFORMANCE INTERNALLY
Generic
Description SpedficWord Description Your Score
Below Average • 
Bottom o f Class
Poor to average awareness with rare examples o f use o f information
J •5*’ " Z Z T ” v i . V \ .  * . J-,a
Minimal awareness with no known example where information has beei 
used
____ 25 -
I □
□
........ ° . ~ o
Figure 5 Example Word Model
Step 3: Analysis of Results and Conclusions
The data produced from the previous two steps was analysed to produce a wide 
variation of performance metrics. Figure 6 shows the EA group’s overall 
performance in meeting its mission goal with respect to all of its stakeholders. This 
shows that based on self assessment of performance that the EA group are in the 
“above average performance “ region.
The MADE results were also analysed on a stakeholder specific basis. Figure 7 
summarises the results of this analysis. This figure was created by combining three 
sets of Environmental Affairs produced figures; The priority weights for tasks,
stakeholder specific scores for each task, and stakeholder relative importance for 
each task.
80 
70 
60
0)
o 500 W
1  40 o
_ i
§■ 30l-
20 
10 
0
•  EA Performance
Lower Limit Top Of Class 
i Lower Limit Above Average 
■.............   Upper Limit Below Average
Figure 6 Environmental Affairs Group Overall Performance
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Figure 7 Stakeholder Performance Analysis*
Although the analysis so far is based on a self-assessment of performance it does 
indicate a number of revealing and interesting results;
• Based on the groups own priorities and scores it shows a number of areas in 
which the group can improve. For example, Business Group managers who are 
seen as an important stakeholder group, register a low weighted score as a 
percentage of the maximum possible.
• From a stakeholder perspective, Customers are seen as being the main focus of 
the groups efforts. This ties in closely with the company’s philosophy.
4 .3  P h a se  II - F in d in g  th e  Pr io r it ie s  of  E n v ir o n m e n ta l  A ff a ir s ’ S t a k e h o l d e r s
This phase of the test case aims to compare and contrast the self-assessed EA 
group priorities and performance with the priorities and performance perception of 
key stakeholder groups. Hence it will form a simplified iteration of the original 
analysis but using the specific views of the stakeholder groups identified and 
represented in Figure 3.
Phase II which is essentially an iteration of Phase I but with different stakeholder 
groups has been completed with two stakeholder groups (business managers, and 
sales staff) and is ongoing with the customer stakeholder group. Only the results 
from the gap analysis between Environmental Affairs and the “Business Manager” 
stakeholder group are presented in this paper.
• When viewing Figure 7, the length of the bar indicates.the maximum weighted score possible 
against a particular stakeholder. The shaded region indicates EA’s actual assessed weighted score. 
The difference is therefore an indication of the potential to improve performance. Adding together all
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Step 1; Identify stakeholder representatives
This step involves identifying representative individuals to represent the 
stakeholder groups shown in Figure 3. For the “Business Group” stakeholder group 
this resulted in the identification of ten business group managers. This sample was 
designed to cover the full breadth of the Xerox product and service line.
Step 2: Priority and Performance Score Exercise
Each of the 10 business group managers was contacted and invited to contribute to 
the research project. As a result interviews were organised between the authors 
and each business group manager.
Each interviewee was sent pre-reading which explained the research objectives, a 
table which described each of the EA groups core activities and what the interview 
would entail. The interviews themselves, which lasted between 45 and 60 minutes 
were used to convey the detailed objectives and methodology and to answer the 
business manager’s questions. Essentially edch interview covered the following 
basic steps;
1. A simplified strategy hierarchy which showed only the mission and core tasks
was shown to the stakeholder. Each of the core tasks was explained and put 
into context for the stakeholder by providing an example of what it might mean 
for their business. The core activity definitions remained fixed throughout all of 
the interviews, since it was essential for the integrity of the research that the
the shaded regions will give EA’s score of 55 (see Figure 6) whilst adding together the heights of
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same core activities were, being understood and compared by all the 
stakeholders interviewed.
2. Once the core activity definitions had been agreed, it was explained that a 
pairwise comparison method was to be used to measure their priorities for the 
core activities. The methodology was briefly outlined and the stakeholder 
provided with input forms to record their pairwise preferences of the core 
activities. During the exercise the authors encouraged the stakeholder to refer 
to a summary table which defined the core activities being prioritised. The 
stakeholder pairwise data was fed into a computer model during the course of 
the exercise and the priority weights immediately presented back to the 
interviewee for comment. This step of the process served two purposes. 
Firstly it allowed the pairwise comparison consistency to be measured and 
comparison adjusted if necessary. Secondly ii allowed the business group 
manager to see the result of the pairwise analysis and confirm the resulting 
priority weights without needing to feed these back at a later date.
3. Word models similar to that shown earlier as Figure 5, were given to the 
stakeholder who was asked to use the word model description to score how 
they felt Environmental Affairs performed against the six core priorities in the 
previous step.
It is important to differentiate between performance and priority data. The role of the 
performance data is to establish a baseline total value index of performance, whilst 
priority data (which is a measure of the stakeholder’s value trade-offs) is required
each bar will give 100, the maximum score.
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not only for calculating a total value index but also for measuring the priority gaps 
between the Environmental Affairs group and its stakeholders.
Step 3: Cluster Analysis
The priority data gathered through the interviews was subjected to a cluster 
analysis. This aimed to “cluster” together those business group managers who 
shared similar priority weights. Figure 8 shows the priority weights for all business 
group managers which is the starting point of the analysis. In this format the data 
seems to indicate a wide spread of differing priority structures.
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Figure 8 Priority Weights for all Business Group Managers (BGM 1 to 10)
However, using standard deviation as a measure of data similarity it was possible 
to identify 3 business group manager “clusters”. The average priority weights 
calculated for each “cluster” were then taken to be representative for the business 
managers defined within the cluster. Figure 9 shows the weights of four business 
group managers identified as a cluster together with the average representative 
weights for the cluster.
It is important to note that the clusters defined by the research were found to be 
independent of the products managed by the business group manager and of the 
order in which the interviews were held. It is reasonable to assume therefore that 
the interviewees did not introduce significant bias into the process. Also analysis of 
the verbatim comments of those business group managers “clustered” together are 
broadly similar which would seem to uphold the credibility of analytical cluster 
analysis.
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Example Cluster Defined for Four Business Group Managers
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Figure 9 Weights for Cluster of Four Business Group Managers
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The results from Phases I and II were compared to determine the gaps in priorities 
and perceived performance between EA and the Business Group Manager 
stakeholder group*. At this stage the benefits of stakeholder clustering were borne 
out since it was much simpler to interpret and address the priority gaps for the 
cluster groups than for those generated through the data from all ten interviews. 
Figure 10 illustrates in graphical form the difference in priority weights between the 
EA group and the three Business Group Manager clusters.
* The same exercise has been repeated for the “Sales Manager” group and is ongoing for the 
“Customer” group.
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EA vs. Business Group Manager Cluster Priorities
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Figure 10 Priority Weights for EA and Business Group Manager Clusters
Reference to Figure 10 shows that there are some agreements on priorities, 
however the figure also shows some fundamental differences. A roundtable 
discussion was set up between EA and the Business Group Managers. Principally 
the agenda for the meeting was to;
feedback the data from the stakeholder and cluster analysis, 
individually discuss the priority gaps,
290
• define specific action for Environmental Affairs to redfess the priority gaps and 
maximise environmental value to the stakeholder
Using the priority gap data (which was encapsulated through the cluster analysis) 
and verbatim comments as a basis it was possible to focus the roundtable meeting 
into a structured two way process. It quickly became clear that the gaps in priorities 
were in many cases driven by either;
• misunderstanding by the stakeholder of the role of Environmental Affairs, or
• poor process of communication between the Environmental Affairs group and the 
stakeholder,
Apart from helping to define more clearly Environmental Affairs’ role the meeting 
was able to specify direct actions to reduce the priority gaps when found necessary. 
Perhaps most importantly however, the meeting was able to place environmental 
performance firmly into a business context and help define the importance of 
environmental performance as a value driver in the business*.
5. V a l u e  A d d ed  to  X er o x  Lt d ’s E n v ir o n m e n ta l  P e r f o r m a n c e
In terms of value added from this research application, probably the biggest value 
contributor is that the Environmental Affairs group is better able to define itself and 
thus more efficiently address the priorities of its stakeholders. As such, 
Environmental Affairs is now in a better position to demonstrate and hence promote 
the benefits of pursuing policies at Xerox Ltd which improve the company’s
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environmental performance. Indeed as a direct result of the project it has been 
possible to define explicit ways in which EA could support the business group 
manager stakeholder group to gain competitive advantage from Xerox Ltd’ 
environmental performance.
The research has been able to reduce the subjectivity of identifying and meeting 
stakeholder needs, and has clarified the position of both EA and its stakeholders. 
Through this methodology more cohesive discussion on a wide ranging and 
sometimes ‘woolly’ subject has been stimulated. It has enabled barriers to be 
broken down, particularly those concerning communication and stimulated focused 
actions to address gaps in performance or requirements.
Many business group managers were concerned about issues of environmental 
marketing strategy and the confidence to meet and prepare for future legislation 
which may affect their business. Another important category was responsibilities - 
which issues came under whose jurisdiction. This research has provoked 
constructive discussion between the two groups on responsibility for certain issues. 
In the past, some issues have not reached successful conclusions due to 
uncertainty, but this has now been addressed and it has been agreed that the two 
groups should combine to resolve borderline issues such as these successfully.
Although the research process described here may be considered time consuming,
L
this is invariably the case when new ideas or processes are being applied. The
* Similar results have also been found for the “Sales Manager” group
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value of the research should therefore not be viewed solely from this application, 
but should also encapsulate the value of building a process and relationships which 
can be used on an ongoing basis. As such it is possible to define a number of 
“value blocks” created through this application which can be used as the starting 
point in later applications, as follows;
• Designed a strategy hierarchy to use as a continued frame of reference and 
focus
• Developed processes and set up channels for constructive stakeholder dialogue
• Set a measurable stakeholder specific performance baseline
• Set out main environmental performance issues and their relationship and 
impact on business
L
6. C o n c l u s io n s
Stakeholder concerns for the environment have meant that environmental 
performance is becoming an ever increasingly more important element of business 
values, this is certainly true for Xerox Ltd.. Often this has meant that companies 
seek to go beyond compliance with environmental legislation and strive to 
continually raise their environmental standards world-wide. Whilst this is exemplary 
behaviour it is not always enough to satisfy stakeholder needs, since business 
often misjudge what their stakeholders want. So rather than second guessing what 
stakeholders want, the answer must lie in setting up dialogue with your 
stakeholders. Not only will this let you find out what your stakeholder’s needs and 
priorities are it will allow you to devise proactive action plans to bring value to the 
stakeholders and therefore to the business. Setting up the dialogue process can in
the beginning require extra effort, but in the long term it is worthwhile because not 
only will it allow you to reduce the uncertainty associated with the business’s 
environmental strategy it will provide you with the data and knowledge to better 
manage the risks and value of the strategy as well.
The methodology described in this paper has shown that is possible to identify and 
constructively reduce stakeholder gaps to create more focused and effective 
strategies. In doing this it has also showed the importance of stakeholders and the 
benefits of involving them in the strategy process. At Xerox, this process is helping 
the Environmental Affairs group prove their benefit to the business and also to set 
successful environmental strategies which aim to extend and improve the 
company’s environmental performance year on year.
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Abstract
This research investigates the conditions under which organizational issues evoke 
organizational actions. Using a longitudinal ethnographic methodology in Hewlett 
Packard and Rank Xerox, over the period of a year, we witness the development of 
organizational issues pertaining to the natural environment. We find that individual 
concerns interact with organizational values to influence the pace, scope and scale of 
organizational adaptation.
Keywords: Organizational adaptation, strategic issues, natural environment
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We are trying to demonstrate achievements and worth and recognition for 
the environment; so that people's personal values are nurtured and they 
are brought up higher; so that they can actually relate their personal 
values, which might have been in place at home, to their working 
environment; so that the corporate values are the same as their own 
personal values. — a member o f Rank Xerox
Management theorists and practitioners have long been preoccupied with 
understanding organizational change and adaptation processes. To assist in this 
understanding, a robust theory of strategic issues has emerged. A strategic issue is a 
development, event or trend perceived as potentially having a significant impact on the 
organization's strategies (Dutton, Fahey, and Narayanan 1983). Strategic issues are 
complex, ill defined and interpretive (Dutton, Fahey, and Narayanan 1983). As a result, 
they influence organizational adaptation in two ways. First, the complexity and 
ambiguity of strategic issues permit numerous interpretations to be drawn. An issue's 
interpretation and label can influence the way the firm acts (Daft and Weick 1984; 
Jackson and Dutton 1988; Milliken 1990; Thomas and McDaniel 1990). Second, the 
complexity and interpretive aspects of strategic issues permit organizational members 
to push selected issues onto the strategic agenda and, therefore, organizational 
adaptation can be a consequence of successful championing (Dutton 1997; Dutton .and 
Ashford 1993; Howell and Higgins 1990).
Empirical studies investigating the influence of strategic issues on organizational 
adaptation have two notable characteristics. First, most prior studies have been limited 
to a specific stage of issue development. In particular, the focus has been either on the 
cognitive or interpretive aspects of issue diagnosis or issue labeling (e.g. Jackson and 
Dutton 1988; Milliken 1990; Thomas, Clark, and Gioia 1993) or on agenda building (e.g. 
D.utton et al. 1997; Howell and Higgins 1990). Only a few exceptions have investigated 
issues as they have developed from the stage of identification to an organizational 
response (e.g. Dutton 1988a; Dutton and Dukerich 1991).
Second, prior studies have investigated issues defined as strategic prior to the 
investigation (e.g. (Dutton and Dukerich 1991; Ginsberg and Venkatraman 1992;
Milliken 1990; Schneider and De Meyer 1991). However, the strategic importance of 
many issues is often not assessed until after the consequences are observed 
(Mintzberg and Westley 1992; Weick 1989). When an issue is first identified, the 
strategic importance of an issue is often not known.
Given the emphasis of prior studies on specific stages of strategic issue flows and 
issues defined early as strategic, these studies have been biased towards issues that 
elicit a strategic response. However, there are numerous issues that are not strategic or 
that do not elicit an action (Pfeffer and Salancik 1978; Weick 1987). By directing 
research attention to successful or strategic issues, management theories may not fully 
capture the dynamics of organizational change and adaptation. For example, 
organizational routines (Nelson and Winter 1982) are more likely to play an important
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role in influencing issues that are deemed as strategic. Issues that are completely new, 
however, may not fit into existing routines. This project focuses on issue development, 
including both issues that evoke actions arift those that stall. By stalled issues, we refer 
to issues that have not resulted in actions over the research period. These issues may 
never result in actions or they may result in actions beyond the research period.
The purpose of this project is to investigate the conditions that facilitate organizational 
adaptation; that is, to investigate the conditions that lead issues to actions. We 
observed the development of a set of issues within two organizations, Hewlett Packard 
UK (HP) and Rank Xerox1 (RX), over the period of one year. We investigated issues 
pertaining to the natural environment with no a priori assessments of their strategic, 
importance or their likely outcome. Three dimensions of issues were explored: their 
scale, scope and pace. An action is of large scale if it is strategic in nature. An action is 
of wide scope if it affects a large group of organizational members and processes. 
Finally, an action is of fast pace if the action succeeds shortly the issue diagnosis (Miller 
and Friesen 1982; Monge 1990).
We begin with an overview of the theory of strategic issues, which explains 
organizational adaptation. In keeping with the logic of induction, we then introduce the 
methods used to develop theory. The data are presented next, based on a model 
adapted from Dutton and Duncan's (1987a) model of issue flows. We then develop the 
constructs and propositions that explain how individual concerns and organizational 
values interact to influence issue flows.
STRATEGIC ISSUES.AND ORGANIZATIONAL ADAPTATION
Prior research into strategic issues provides two important links to organizational 
adaptation: through issue identification and through agenda building. We employ these 
concepts as a point of entry into investigating issue flows.
Issue Identification
Organizations are bombarded by issues that may or may not elicit an action (Daft and 
Weick 1984). The action is influenced partly by the way in which these issues are 
interpreted and subsequently labeled. Organizational members will place the signals 
associated with the issues in cognitive categories to assist in interpreting and 
remembering the signals (Dutton and Jackson 1987). Because these categories have 
pre-assigned attributes, the issue characteristics will shape organizational actions 
(Dutton and Jackson 1987; Gioia and Chittipeddi 1991). For example, issues labeled as 
threats have decidedly different characteristics than issues labeled as opportunities and 
are, therefore, likely to elicit different responses (Jackson and Dutton 1988; Mintzberg, 
Raisinghani, and Theoret 1976; Thomas and McDaniel 1990). These opportunity-threat 
labels may influence the level of risk managers will assume and their commitment and
1 In October 1997, Rank Xerox became fully owned by the Xerox Corporation and is now called Xerox Ltd. As this purchase 
occurred outside o f the research period, we will refer to the company as Rank Xerox (RX) in this paper.
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involvement in the issue (Kahneman and Tversky 1984). Also, Thomas, Clark and Gioia 
(1993) show that interpreting an issue as controllable, a characteristic of opportunities, 
is more likely to lead to a change in products or services. The ambiguity and complexity 
of strategic issues can lead to multiple interpretations and, consequently, alternative 
organizational outcomes (Dutton, Fahey, and Narayanan 1983; Thomas, Clark, and 
Gioia 1993).
Agenda Building
A strategic issue agenda is the set of issues demanding the attention of top-level 
decision makers (Dutton 1997). The size of a strategic agenda is restricted by the 
limited resources of the organization and the limited cognitive capabilities of 
organizational decision-makers. The issues that appear on the organization’s strategic 
agenda will influence strategic decision making. Only those issues that appear on the 
organization’s agenda will draw top management team attention and be the target of 
organizational adaptation. These issues are influenced by existing organizational 
routines and the ability of organizational members to direct the attention of the top 
management team (Dutton and Penner 1993). Existing organizational routines include 
the way in which an issue can be raised, for example through the organization's 
budgeting or planning cycles (Dutton 1988a; Dutton 1988b). The organization's identity 
can also be considered an organizational routine, and the issues on the organizational 
agenda are shown to be consistent with the organizational identity (Dutton and Penner 
1993; Elsbach and Kramer 1996; Meyer 1982; Milliken 1990). Organizational members 
may also influence the strategic agenda by selling the issue to top managers (Dutton 
and Ashford 1993; Howell and Higgins 1990).
METHODS
Given that the focus of this project is to investigate issues that stall and issues that 
evoke action, we chose a longitudinal ethnographic case study design so that we could 
observe issues in real time. In this way, we would avoid using the retrospective 
accounts of organizational members who would likely emphasize issues of importance 
and relevance to the organization and not those that did not gain organizational 
attention (Van de Ven 1988). Given the lack of theoretical development on stalled 
issues, we also chose an inductive methodology in order to allow the data to guide our 
insights.
The Issues
The set of issues observed within this research exercise is bounded by those related to 
the natural environment. These can include a wide range of concerns from recycling, 
energy and waste management, product stewardship, pollution prevention, and 
sustainable development. We chose to observe the set of issues pertaining to the 
natural environment for two main reasons. First, the motivation of this study was to 
investigate the flow of issues, including those that stall, in order to understand 
organizational adaptation. This objective required that we observe a well-defined, 
complete, and bounded set of issues; otherwise, the number of issues included in this 
exercise would be unmanageable, the validity of the study compromised by having to
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choose an arbitrary set of issues, and the possible explanations explaining issue flow 
too numerous. This set of issues is well defined because an issue must be expressed 
as influencing or being influenced by eco-systems. For example, we disregarded issues 
pertaining to occupational health, employee safety, and total quality, unless they were 
expressed as relevant to eco-systems. Although it is possible to argue that every issue 
has an ecological aspect, the relative newness of corporate environmental concerns 
means that most issues are not couched in these terms. If we had chosen financial 
issues, the set would not be easy to bound because almost every organizational issue 
is framed as a financial issue. Ecological issues, in this context, were relatively small 
and bounded.
Second, it was important to study a set of issues for which there was no well- 
established routines and expectations by organizational members. Frequently occurring 
issues generate a set of organizational routines that influence their flow within the 
organization (Dutton 1993; Nelson and Winter 1982). Organizations prescribe routines 
to respond efficiently and effectively to recognized issues. Consequently, the range of 
actions associated with the issues is limited and predetermined. If we had studied well 
recognized issues, we would be investigating organizational routines rather than issue 
flows. Issues pertaining to the natural environment are relatively new and, therefore, 
have few associated routines. Dutton (1997: 81) writes: "In some organizations, in some 
industries, issues of sustainable development and the natural environment dominate the 
organization's strategic agenda. In other organizations, in the same or different 
industries, issues of the natural environment have never been broached or thought 
about by organizational members".
The Sites
The data were collected from two organizations: the sales offices of Hewlett Packard 
(UK) Ltd., hereafter referred to as HP; and the regional head office of Rank Xerox, 
hereafter referred to as.RX. The Hewlett-Packard Company corporate headquarters are 
located in Palo Alto, California. The company had over 20,000 products in the areas of 
measurement, computation and communication. The UK subsidiary of the Hewlett- 
Packard Company, the focus of this study, had manufacturing, research and sales 
operations spread throughout the UK. HP employed about 5000 people and had 
inventory turnover of approximately $3 billion in 1996. Its office was located in Bracknell, 
Berkshire.
Rank Xerox (RX) was formed in 1956 as a joint venture between Xerox Corporation of 
the US and Rank Organisation pic of the UK. The Xerox Corporation, headquartered in 
Stamford, Connecticut, owned the majority of RX but bought out the remainder in late 
1997. Annual inventory turnover for RX exceeded $8 billion in 1996 and the company 
employed 24,000 people around the world. RX designed, engineered, developed, 
manufactured, marketed and serviced the widest range of document processing 
products and services in the industry. RX was based in Marlow in the United Kingdom.
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The inclusion of two sites allowed for comparisons and contrasts, which helped to 
generate richer insights with greater confidence (Pettigrew 1985). The companies 
chosen, HP and RX, were particularly good sites because: 1) they had some 
overlapping products (eg. laser printers) so that comparisons could be made which 
would inform the analysis (Eisenhardt 1989); 2) they were located in similar industries 
so they confronted similar ecological pressures; 3) they were not direct competitors so 
limitations were not placed on the research project.
Data Sources
The data for this project were collected from three sources: (1) participant observations 
within the two companies over a twelve month period; (2) formal semi-structured 
interviews with senior decision makers towards the end of the research period; and (3) 
reports, memos and internal documents related to the set of issues pertaining to the 
natural environment. Integrating and comparing these data permitted us to gain a wide 
range of insights that could be validated through triangulation.
Participant observations and corporate documents. The second and third authors 
were participant observers at the research sites. They were formally trained in 
environmental technology and research methods providing them with the necessary 
skills to perform the tasks required for this project. One researcher worked in the 
Environment, Health & Safety (EHS) Department of HP and the other researcher 
worked in the Environmental Affairs Department of RX. These departments were 
minimally staffed and were mandated to collect and disseminate information pertaining 
to the natural environment so that more informed decisions could be made in corporate 
operations. Organizational members would approach departmental members if an issue 
arose and departmental members would actively seek information pertaining to issues. 
As the participant observers were considered the first point of contact for natural 
environment issues, they had good exposure to the range of issues pertinent to the firm. 
In developing the research design, we were guided by Pettigrew's (1985) framework 
where the context, content and process of organizational change are observed.
We spent three months prior to the research period to refine the type of data that we 
would need to collect in order to monitor organizational change. The data collection 
period extended from September 1995 to August 1996. The data was collected 
systematically by using an electronic database. Both participant observers recorded 
characteristics of each issue including: a description of each issue, changes to the 
issue, the source of the original information, the names of key informants 
knowledgeable of the issue, an estimate of the number of people influenced by the 
issue, an estimate of the financial and human resources required to address the issue, 
the support given by top management, relevant contextual variables such as external or 
internal events that may influence the development of the issue, the events that may 
have precipitated the issue, and obstacles that may influence the development of the 
issue. An effort was made to record quantitative information, but often this information 
was not available or comparable because of the significant differences in the 
characteristics of the issues. Much of this information was based on the observer's 
assessment of the issue, which was backed up by corproate documents and the
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accounts of other organizational members. If the issue developed, updates were made 
to the files. If the issue shifted or splintered, a new file was created. In total, 30 of these 
files were created in HP and 33 files in RX.
Validity was achieved in three ways. First, the research team would meet or speak by 
telephone every 6 weeks to discuss the issues identified. We drew on insights gained 
by the observers in both companies and were able to compare and contrast the 
observations. We were also able to overcome some of the myopic tendencies of 
participant observation methodology by involving a third independent member in the 
research team, the first author, who could point out inconsistencies or holes in the data 
that may have otherwise not been recognized. After each meeting, we would generate a 
list of questions that needed further investigation. Second, the participant observers 
validated their opinions by discussing them with other members of their respective 
organizations, particularly when challenges were raised by other members of the 
research team. Third, formal interviews were conducted towards the end of the research 
period by the independent member of the research team with organizational members 
to ensure that no significant issues were overlooked and to confirm the findings of the 
participant observers.
Formal interviews. The purpose of the interviews was threefold: 1) to corroborate the 
data recorded through the participation observation and ensure that no issues or actions 
were missed; 2) to identify those issues that had reached the organizational agenda; 3) 
to solicit formally the opinions of other organizational members of the factors that 
influence the scale, scope and pace of issues pertaining to the natural environment. 
Respondents were chosen from two groups: senior managers who would influence 
corporate environmental initiatives, and people familiar with environmental issues within 
the organization. Of the 13 interviews in HP, six were with senior managers. Of the 10 
interviews in RX, five were with senior managers.
Because the participant observers were already positioned well within the organization, 
a high degree of trust was afforded to the independent member of the research team. 
Interviewees were asked to identify their role within the organization, the natural 
environmental issues they felt to be the most important within the organization, the 
actions the organization had taken in respect to the natural environment, the priority of 
the natural environment in respect to other business issues, the forces that facilitated 
environmentally responsible actions by the organization, and the forces that may have 
stalled an action. The interviews lasted 30-60 minutes, and were recorded and fully 
transcribed.
Data Analysis
Step 1: Identifying issues and actions. The participant observers independently 
identified all the issues and associated actions based on the interview transcriptions, 
documents, and issue files. In developing the database we chose to err on the side of 
creating too many issue files rather than too few to allow the greatest flexibility in their 
tracking. However, in analyzing issue flows, it was necessary to develop a parsimonious
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set of issues. Through numerous iterations and discussions, we derived a consensus 
set of issues as shown in Table 1.
Insert Table 1 here
Step 2: Identifying issue flows. We analyzed the issue flows by developing diagrams 
that depicted the path of each issue and their links to each other. We started with the 
strategic issue diagnosis model developed by Dutton and Duncan (1987a) and kept 
adjusting this model until it more accurately reflected the observations we had made. 
The development of the model was influenced partly by some of the comments made in 
the interviews and some of the theorizing that we had done during the year. This flow 
diagram provided a heuristic device that could assist in analyzing the scale, scope, and 
pace of issue flows. It was during this exercise that the role that the levels of analysis 
(individual and organizational) played in influencing organizational adaptation became 
evident.
Step 3: Explaining issue flows. The interview transcripts, issue files and corporate 
documents were coded by the first author and a research assistant who was not 
involved in the data collection. The codes were generated inductively from the data' 
using Miles and Huberman's (1994) template for qualitative analysis. The codes labeled 
the issue and any information pertaining to the scope, scale, and pace of the action. 
Examples of the codes included: issue definition/identification, action, issue importance, 
obstacles, facilitators, corporate priorities, issue triggers, and the future of issue. The 
coding helped to explain why issues progressed forward and helped to develop theory. 
Involving an arms-length coder injected further objectivity and reliability into the 
research exercise. Had we relied exclusively on members of the research team, the 
data analysis would be biased towards the discussions we already had. The role of 
individual concerns and organizational values in influencing the pace, scope, and scale 
of the action became apparent in this stage of the data analysis.
Step 4: Identifying organizational values. Once the importance of organizational 
values to the model was recognized, the documents and interviews were content 
analyzed with the express purpose of identifying the organizational values - a technique 
recommended by Rokeach (1979), Hinings, Thibault, Slack and Kikulis (1996) and 
Kabanoff, Waldersee, and Cohen (1995). The documents were coded by two raters: the 
first author and a research assistant. Each rater independently identified a set of values 
that was revealed in the corporate documents and interview data. Once completed, the 
raters discussed the values identified in each company. Given the interpretive nature of 
determining the codes, the two raters often used different labels to identify similar 
values. For example, one rater used the following adjectives to describe a value which 
was labeled eventually as 'pro-active': at the forefront of some of the product activities, 
leadership in introducing technology and processes, leader in the global document 
market, largest and most profitable in the document markets, deliver excellence in all 
we do, innovation, change products through changes in design, superior technology,
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innovative management approaches, technology to develop market leadership, 
initiative. The second rater used similar adjectives: be an industry leader, be on the 
forefront of the industry in product development, be a leader in business procedures 
and environmental issues, market leadership, being proactive, to be on top of things. 
The subsequent discussion between the two raters ensured that the final set of 
organizational values for HP and RX reflected what was observed in the data by the two 
raters. By referring back to the original documents, consensus on many of the codes 
was achieved easily. The values for which there was less agreement were used 
infrequently in the documents so they were omitted in the final analysis. As a final 
validity check, the participant observers of HP and RX reviewed the codes to ensure 
that they accurately reflected their company. They made no adjustments to the codes.
Step 5: Evaluating the pace, scale, scope o f the action. The participant observers 
independently identified the pace, scale, and scope of the actions based on their 
knowledge of each issue and based on agreed upon a priori definitions. They used the 
references in the issue database to resources required, the number of people involved, 
the level of management support, and the dates made in the issue database to support 
their assessments. They then discussed their assessment of each issue within their own 
organization to ensure that there was internal consistency in the interpretation of the 
definitions. The first author also independently assessed each issue for the pace, scale 
and scope based on the coding of the issue files and interview transcripts. The few ' 
discrepancies that resulted were discussed among the research team and consensus 
was achieved easily.
ISSUE DEVELOPMENT
Building on the prior work of Dutton and Duncan (1987b) we employ an issue flow 
diagram to illustrate the development of issues within the two organizations (Figure 1). 
We have deviated from previous research on strategic issue management (Dutton, 
Fahey, and Narayanan 1983) in three important ways. First, we include all identified 
issues and actions, not only strategic ones. Second, we employ two levels of analysis in 
our model, the organization and the individual, which better describes what we 
observed and assists in later theory development. Finally, we include a stage of issue 
development, the issue pool, which had not previously been used by Dutton and 
Duncan (1987a). This stage of development is important in explaining where an issue 
may stall.
Insert Figure 1 here
Before we describe the model, we offer some qualifiers. These stages are constructed 
for the purpose of this present research. They were not defined explicitly by 
organizational members, and each stage is not always observable. Instead, this model 
is a heuristic device by which to explore the issue development process. It serves three 
purposes: first, to identify the stages at which an issue can stall; second to permit an
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analysis of the scale, scope and pace of organizational adaptation; and, third to explore 
differences in organizational and individual level actions.
In its depiction, the issue flow appears linear; issues are identified, receive attention, 
and then initiate an action. However, the actual process was not always linear. In some 
cases, the organization would become aware of an opportunity or a potential activity on 
which it would act immediately. Hence, the issue identification process, agenda building 
and action could occur simultaneously.
! The actions discussed in this paper are delimited by the research period; actions 
occurring before or after the research period are not included. Furthermore, the issues 
identified are specific to this research context. Issues that did not elicit a response may 
have done so after the research period. It would be erroneous to infer the environmental 
performance of either firm based on the data presented here.
Issue Identification
In the first stage of the model, issues lie in an issue pool and are recognized and 
labeled. The issues identified were generated from two sources: through individuals 
who brought their personal concerns to the organization such as concerns about 
recycling or office waste management, and through organizational activities such as the 
intention to move into new markets such.as environmental services. The issues were 
identified by both organizational members and organizational outsiders such as the 
government, local community, and special interest groups. The children of employees 
also influenced organizational members in the issue identification process. For example, 
a manager of RX said, "When my son asks 'Dad, do you work for an environmentally 
conscious company? What does Rank Xerox do?', I want to say 'Oh yes we are, we 
do..."'.
At the early stages of issue identification, the issues are not evaluated or analyzed, 
merely identified. Some of the issues identified in this first stage of the issue life cycle 
included energy management, office waste recycling, product stewardship, eco­
labelling, and sustainable development. In this stage, issues are assigned words and 
associated meanings. Sometimes the same issue had multiple expressions. For 
example, the following expressions all seemed to address a similar issue of corporate 
citizenship: "company makes a positive contribution to every community and society"; 
"corporate respect"; "the corporation's public face"; "ensuring that employees, 
customers, suppliers and so on are afforded a safe, nice, place to do business"; and 
"socially responsible". In addition, the ambiguity of the issue and its definition were 
apparent in the data. Interviewees, when asked to define natural environmental issues, 
would sometimes include issues pertaining to the office environment such as 
occupational health and safety and building aesthetics, whereas others included only 
those issues pertaining to the earth's ecology. This ambiguity in the definition and 
meaning of natural environmental issues suggested that an issue could be assigned 
several labels. Consistent with cognitive categorization theory and strategic issue 
identification theory (Dutton and Jackson 1987), multiple expressions for an issue co-
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existed and alternative expressions developed until one gained sufficient gravity worthy 
of pushing the issue forward.
These issues remain in the pool until their meanings became relevant to individual or 
organizational interests. Either an individual had to have sufficient interest in the issue 
to champion efforts to develop it, or organizational members had to recognize its 
relevance to the organization and place it on the organizational agenda. Some issues 
did not proceed to the next stage of the issue flow and remained in the issue pool. 
Issues that remained in the issue pool at the end of the research period included the 
benchmarking of sustainable development issue at RX and the marketing of a Green 
Workstation issue at HP. In the case of the sustainable development issue at RX, the 
issue was identified by an outsider to the environmental department of RX. The issue 
that was labeled ‘sustainable development’, did not elicit any attention by organizational 
members, likely because it did not bear any organizational relevance. In HP, the same 
issue also seemed to have little organizational relevance but developed further because 
it was championed by an individual. This observation is consistent with Howell and 
Higgin's (1990) notion of champions of technological innovation and Andersson and 
Bateman's (1998) notion of environmental champions.
The marketing of the Green Workstation at HP also remained in the issue pool. This 
workstation, developed by the German sales office, was offered to the UK office for 
marketing in the UK sales region. A HP employee who was first made aware of the 
Green Workstation described the situation like this: "I asked my boss if it would be 
viable in the UK. He said no. Just because there is a market there [in Germany] doesn't 
mean that there is a market for it here. The things that help him decide whether there is 
a market is (a) do customers ask for it and we certainly haven't been told that there are 
customers asking for it and (b) go to the field [and ask customers and vendors through 
the sales rep]."
Agenda Building
Because we examined all issues in this study, not only strategic ones, it is relevant to 
draw attention to the agenda of senior managers and individual organizational 
members. Although the two agendas interact, their composition and associated actions 
are sometimes different.
The individual agenda is the set of issues important to the individual. They include 
issues relevant to the individual's assigned responsibilities as well as issues of personal 
interest. The organizational agenda are the issues that receive collective and 
coordinated attention and are legitimated by senior managers through the allocation of 
organizational resources. It differs from the individual agenda in that it requires the 
commitment of resources beyond the individual's discretion.
The agendas of senior managers may mirror the organizational agenda because of the 
ability of senior managers to influence what appears on the organizational agenda. The 
agendas of individuals further removed from senior management are less likely to
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resemble that of the organizational agenda unless organizational goals are embedded 
in individual performance. Furthermore, the agendas of individuals may be similar to 
those of members of the top management team if the individual is able to influence the 
agendas of members of the top management team or if there is high congruence 
between individual and organizational concerns.
Individual agenda. As we probed into issue flows, we were able to identify the issues 
that were on individual agendas. Issues appearing on individual agendas at HP 
included: the recycling of fluorescent tubes, visitor badges, and office supplies; the use 
of recycled paper; and benchmarking. The individuals who raised the issues of recycling 
tubes, badges, and supplies worked closely with these items. For example, an individual 
who was in charge of facility maintenance was concerned about the recycling of 
fluorescent tubes, a receptionist was concerned about the recycling of visitor badges, 
and an employee who was moving her office and had excess supplies was concerned 
about the recycling of office supplies. These individuals brought the issue to the 
attention of the Environmental Health and Safety Department of HP. In the case of the 
fluorescent tubes and visitor badges, agenda building activities went only as far as the 
Environmental Health and Safety Department. Initial discussions with departmental 
members did not lead to the issues' placement on the organizational agenda. The 
individual concerned about recycling office supplies, on the other hand, was able to 
successfully initiate an action in response to the issue through her discretionary 
resources.
Within RX, the issues appearing on individual agendas included end-of-life, energy 
management, internal awareness, and middle management commitment. As in the case 
of HP, individuals who cared about the environment because of their organizational task 
requirements or because of their personal beliefs would push the issue forward. In the 
case of energy management, a few individuals seemed to advocate to others the 
importance of shutting down computers and lights. In the case of the end-of-life issue, a 
representative of Fuji Xerox2 had identified the issue and assessed the feasibility of Fuji 
Xerox's response. For internal awareness and middle management commitment, an 
environmental manager within RX took leadership of this issue placing it high on her 
personal agenda. The issues of internal awareness and middle management 
commitment moved with rapid pace once the environmental manager took the 
responsibility. In the latter case, significant commitment was required by the individual.
Organizational agenda. The issues appearing on HP's organizational agenda included 
general energy and waste management, product stewardship, the firm's corporate 
environmental reputation, customer satisfaction/concerns, compliance to the corporate 
environmental policy, environmental strategy development, and maintaining citizenship. 
Senior management endorsed these issues. At RX, the issues which appeared on the 
organizational agenda were energy management, office waste recycling, product 
stewardship, corporate environmental reputation, customer satisfaction, competitor
2 A Xerox joint venture company with Fuji Photo Film
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benchmarking, certification, eco-labeiing, and continuous improvement. Both 
organizations valued their relationships with their stakeholders and put all environmental 
issues that threatened this relationship, such as issues pertaining to corporate 
reputation, on the agenda. '
In RX there was significant overlap in individual and organizational agendas; for 
example, issues pertaining to energy management and office waste recycling/reduction 
seemed to appear on numerous agendas. One of the reasons for this partial alignment 
was likely attributable to the XMM (Xerox Management Model) model. The XMM was a 
set of issues that were considered a priority within RX such as quality management. RX 
dedicated significant resources to raise the awareness of senior managers and 
employees of XMM issues, and in doing so, ensured that organizational members 
internalized the same values. Other organizational efforts such as the extensive annual 
‘Earth Day’ activities also helped to align organizational and individual agendas, so that 
employees voluntarily participated in energy management and office waste recycling 
reduction.
The use of recycled paper and product stewardship did not elicit actions in HP during 
the research period. Product stewardship, packaging, end of life, environmentally sound 
buildings, and eco-labeling did not elicit actions in RX. In the case of recycled paper in 
HP, a viable solution that met operational preferences was not found. At the time, all 
options for the use of recycled paper would have meant higher costs to the organization 
or the loss of printing performance. The product stewardship issue did not receive 
collective action because of the seemingly high costs of the coordination and disposal of 
HP products. RX, on the other hand, did not feel that the product stewardship issue 
required immediate attention because some actions had been taken prior to the 
research period.
Organizational adaptation
Whereas agenda building activities exchange information and build support, actions 
resolve the issue. For example, assessing the feasibility of using recycled paper is an 
agenda building activity while using recycled paper is an action. Adaptive actions 
require changes to the firm's products, processes or policies in order to address the 
issue (Bansal 1997).
There are individual and organizational levels of actions. Individual actions involve only 
the individual and his/her discretionary resources, whereas organizational actions 
involve organizational members, processes and resources. For organizational actions 
members would say, for example, 'HP has an environmental and waste management 
initiative', for individual actions members would say 'John recycles his coffee cups'.
Individual actions. Within HP, the most apparent individual action was the setting up of 
a recycling table. The recycling of office supplies began in the issue pool, was adopted 
onto an individual's agenda, and that individual had the discretion to follow it through by 
setting up a recycling table to which all organizational members could donate or pick up
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used office supplies. This issue was of small organizational scale in that it had few 
strategic implications, was of medium scope in that it involved many HP staff, and was 
of fast pace in that it elicited a fast response. It was also received well by senior 
management because it reduced the costs of office supplies and it demonstrated 
responsiveness to employee concerns.
In RX, several individual actions resulted from issues pertaining to internal awareness: a 
case study of RX conducted by a British university for an MBA program, the 
development of a slide show addressing the environmental management activities of 
RX; corporate wide communications of the firm's environmental strategies, activities 
centered around Earth Day celebrations, emphasis of issues of the natural environment 
in the Foundation Workshop given to managers, the cascade of communications 
pertaining to environmental management within RX, and coverage of natural 
environment issues in the Executive Development Program (EDP). All of these actions 
were initiated and executed largely by two individuals: the environmental manager and 
the corporate communications manager. Both individuals had significant individual 
discretion, valued issues pertaining to the natural environment, and had tasks that 
accommodated the advocacy of environmental issues within RX. Their combined 
interest in the area appeared to propel the issue. The corporate communications 
manager said of the environmental manager, "She is very much of the world, of the Rank 
Xerox world, and quite evangelical and passionate. She is expressive about what she' 
does. And I thought that it was an opportunity to tell people something good about Rank 
Xerox." The level and position of these two individuals within the organization provided 
them sufficient discretion that they were able to move the initiatives quickly, influence a 
wide number of RX employees, and engage the interest of senior management to sponsor 
their initiatives so that the initiatives were perceived to have strategic implications.
Organizational action. Within HP, most actions pertaining to the natural environment 
were at the organizational level. For example, an initiative expressly sanctioned by the 
senior management team in an effort to address the environmental issues of 
energy/waste management, environmental compliance, sustainable manufacturing, and 
the development of an environmental policy/strategy was an environmental "Hoshin". 
Hoshins are a limited set of tasks in which HP seeks to achieve substantially superior 
performance over prior years. The environmental Hoshin articulated the environmental 
strategy of HP.
Within RX, many organizational actions were matched by individual actions. As in the 
case of organizational and individual agendas within RX, the alignment between the two 
levels of actions was facilitated by senior management's efforts to communicate their 
values to individuals. Furthermore, organizational members had opportunities to speak 
to senior management to facilitate an organization wide action. For example, the 
corporate communications cascade and the environmental section of the Executive 
Development Program were both individual initiatives, but they worked together to 
reinforce the importance of issues of the natural environment at the organizational level. 
The environmental impact assessment of an old site at RX was another organizational 
action. An article in the local newspaper criticized RX's clean up of the site in the 1970s.
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The bad publicity associated with this report generated an immediate action by the firm. 
RX issued a press release indicating that they had employed the best available 
technologies at the time and immediately commissioned an environmental impact 
assessment.
THEORY BUILDING
This research aimed to explain why some issues resulted in actions, whereas others did 
not. This section will identify and describe the constructs of individual concerns and 
organizational values and detail how the congruence of these constructs influences the 
pace, scale and scope of the issue. Propositions are provided which articulate the 
relationships.
Individual concerns
Individuals are concerned about a wide range of issues, from very personal issues such 
as the size of their waste basket to very community oriented issues such as social 
security programs. In the domain of the natural environment, individuals could be 
concerned about the air they breathe, global warming, or biodiversity. Consequently, 
individuals will often act on these concerns by car pooling to work, by recycling their 
waste paper, or by encouraging their employer to show greater environmental 
responsibility. An individual's concerns reflect those issues of importance to him/he?.
Although closely related, concerns are different from values in two significant ways. A 
value is an "...enduring belief that a specific mode of conduct or end-state of existence 
is personally or socially preferable to an opposite or converse mode of conduct or end- 
state of existence" (Rokeach 1973: 5). First, values are passive or latent attributes of an 
individual. Concerns, on the other hand, usually arise out of cognitive dissonance, 
where the status quo is different from what is desired or expected by the individual. As a 
result, concerns are more closely linked to actions than values which tend to be 
dormant until they become a concern. Second, Rokeach (1973) and Schwartz (1992) 
argue that people have a core set of finite stable values. Because concerns are 
anchored in the person's surroundings, these concerns are likely to change with 
changes in environmental conditions. Researchers in environmental sociology and 
psychology have suggested that individual values are associated with social change 
(Dunlap and Van Here 1978; Post and Altman 1994; Stern and Dietz 1994), however, 
we argue that values are more likely to lead to change if they are expressed as 
concerns. Although concerns may be more fleeting than values, they are also more 
likely to initiate actions.
Issues pertaining to the natural environment often generate concerns because they are 
often valued. Hence, the role of the individual in issue development is evident in the 
study of natural environmental issues. The role of the individual was made clear 
throughout the interviews, "People are doing it. People are turning off lights, personal 
computers. People are making an effort. When we bring it down to the individual then it 
makes a lot more sense, doesn't it? People will make a contribution to the environment.
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I think they want it quite naturally" (RX member). A similar remark was made by a 
member of HP, "Within HP I am very happy to align my personal commitment with our 
objectives on environmental management and put all my energies into making them 
really happen". Specific individuals had an instrumental role in shaping organizational 
adaptation not only because of their organizational role, but also because of their own 
concerns. This point is supported by the following comment, "He [Director of 
Environment] says it [environment] is important, and he says it with a passion, and he 
says it consistently. ... He feels quite strongly about it, I think both personally and 
socially" (RX mem ber).
Individual concerns influence the flow of issues at all three stages of the issue 
development process: the issue identification, agenda building, and organizational 
adaptation. In the first stage, people identify issues partly because of concerns that 
arise at home and at work. As one member of HP indicated, "If you recycle in the home 
you will recycle in the office". If the natural environment is of concern, the organizational 
member will be more receptive to environmental signals and more likely to have the 
needed vocabulary to label the issues. Consequently, individual concerns will be 
important in identifying and labeling issues.
In the second stage, an individual may select issues from the issue pool if (s)he is 
sufficiently concerned. When individuals are bombarded by a diverse and large set of 
signals, such as the wide range of issues in the pool, then the individual will 
communicate and participate in issues of greatest concern to him/her (Ackerman 1975; 
Hage and Dewar 1973; Hambrick and Brandon 1988). Individuals who are higher in the 
organizational hierarchy are usually afforded greater discretion and can devote more 
energy to agenda building activities (Finkelstein and Hambrick 1990). They wield the 
authority to ensure that the issue is analyzed and can spend more resources convincing 
others of the importance of the issue (Hambrick and Brandon 1988). For example, an 
HP manager was able to elevate the importance of sustainable manufacturing within 
HP. Howell and Higgins (1990: 336) state that "by appealing to larger principles or 
unassailable values about the potential of the innovation for fulfilling the organization's 
dream of what it can be, champions capture the attention of others". Some members 
may only be able to communicate their concern to others and hope that those in the 
appropriate organizational role will respond to the issue, as in the case of the 
receptionist who raised the issue of visitor badges.
If an individual has concerns that (s)he would like to see addressed on a wider scale or 
scope, to an organizational level, the individual must sell the issue to the top 
management team (Dutton and Ashford 1993). Individuals may have sufficient authority 
to influence the organizational agenda. Because an individual has the attention of senior 
management, an issue previously only on the individual's agenda may be placed on the 
agenda of the top management team and receive more considered analysis (Dutton and 
Ashford 1993). For example, the Executive Development Program in RX adopted a 
segment involving environmental issues within RX. The manager who spearhead this 
initiative was able to move this issue from her own personal agenda to that of senior 
management by presenting a convincing and appealing case to senior management.
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When the organizational agenda differs from the individual agenda, it is difficult to effect 
organizational change. Individuals are less willing to engage in activities the top 
management team dictates and, similarly, the top management team is less willing to 
mobilize the resources to gain wide-scale buy-in among organizational members. The 
impediment created by the incongruence between the organizational and individual 
agendas is reflected in the following comment, "I do remember the recycling of the cups. 
I remember the site facilities staff even saying pile up the cups on the edge of your 
desks, don't chuck them away. People still threw them away" (HP member).
In the third stage, individual concerns can be instrumental in leading to individual or 
organizational actions. If the individual's role in the organization affords sufficient 
discretion, the individual may be able to respond to the issue. This action can be as 
small as putting waste paper or cups in the recycling bin or turning off computers and 
lights at the end of the day. If the individual has more discretion, the action can even 
involve organizing Earth Day activities. The individual role in this stage is made in the 
following comment, "Throughout the organization their individual initiatives and 
commitment will ensure that RX continues to find new and better ways to conduct 
business in harmony with the environment" (RX member). This influence of individual 
concerns on the flow of issues suggests the following:
Proposition 1a: The less the individual concern for the issue, the greater 
the likelihood the issue will stall.
Proposition 1b: The greater the consistency o f the issue with individual 
concerns, the greater the scope of organizational adaptation.
Organizational values
We argue that organizational values are important in influencing the development of 
issues within an organization. An organization's values affects which issues are 
identified, which issues appear on the organizational agenda, and which issues result in 
actions. Organizational values are "socially shared cognitive representations of 
institutional goals and demands" (Rokeach 1979: 50). They provide a set of rules by 
which to interpret the complex and numerous signals within an organizational 
environment (Ranson et al. 1980; Rokeach 1973). They influence organizational culture 
structure, and decision processes: "I think there needs to be some sort of rules, some 
sort of organization around which the other things can be fitted. It is like a skeleton or 
like a framework " (HP member).
Organizational values provide the decision premises that may influence the way issues 
are addressed (Rokeach 1979). Managers have assumptions and beliefs that shape the 
way they assess an issue. The organization's belief system and values also contribute 
to selection process. Issues perceived as important, legitimate and feasible likely end 
up on the agenda. Empirical studies show how organizational beliefs influence the way 
issues are interpreted which can affect an issue's survival or death (Thomas, Shankster, 
and Mathieu 1994). Where an issue is believed to be tied to the organization's beliefs, it 
is likely to be favored for selection (Dutton 1997). A study by Dutton, Ashford, Wierba,
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O'Neill, and Hayes (1997) shows that in the telecommunications industry, for an issue to 
be sold, there exists a recipe that fits issues with organizational norms. Finally, an 
organization's external context can screen the issues that capture management 
attention by defining which issue sellers have currency and which issues are legitimate.
Table 2 documents HP's and RX's values that were extracted from their respective 
corporate documents and interviews. The firm's mission statements, internal planning 
documents, human resources policies, executive communications, newsletters, decision 
making process, organizational structure all helped to reveal the firm's values (see 
Stage 4 of data analysis).
Insert Table 2 here
There was significant overlap in the values of HP and RX. Not surprisingly, a profit 
motive emerged as a value critical to both companies. Whereas HP expressed this 
profit motive in terms of added value and cost reduction, in RX discussions centered 
around market share and return on assets. Other values shared by both firms included 
the concern for organizational image, corporate citizenship, concerns about employee 
satisfaction, and customer satisfaction. There were also important differences in the 
organizational values of both firms. For example, HP staff discussed the importance of 
risk management and asset protection, whereas RX employees did not mention risk 
management in the context of environmental management and dwelled extensively on 
communications. We are not suggesting that HP did not care about communicating 
issues or that RX was assuming more risk, but that these values were not as often 
articulated.
In stage 2 of issue development, organizational values influence which issues appear 
on the organizational agenda. Progression from the issue pool to organizational 
agendas is contingent on the labels used to identify the issues. Dutton and Jackson 
(1987), for example, suggest that if an issue is labeled as a threat, it will be treated as a 
problem, if it is labeled as an opportunity, it will be treated as positive. In our analysis of 
this data, we found that the same issue may be labeled as a threat or as an opportunity 
by different people. Issues, then, will be assigned many different labels as they sit in the 
pool, finally being given a label that moves them out of the pool because of its fit with 
organizational values. For example, Dutton, Ashford, Wierba, O'Neill and Hayes (1997) 
show that issues bundled in quantitative data are more iikeiy to eiicit a reaction. Their 
findings were confirmed by our own, particularly within HP where quantitative data is 
used extensively to support the value it places on planning. While the labeling of an 
issue governs how the issue is treated, its fit with organizational values governs whether 
or not it will even be treated.
Within HP arid RX, the issues on the organizational agenda were congruent with HP 
and RX value structure's. Almost all the issues on the organizational agenda were 
framed by interviewees in the language of organizational values. In particular,
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organizational members often spoke of natural environmental issues in terms of 
corporate citizenship and employee concerns. HP placed all office waste management 
issues on their organizational agenda. These issues were identified as being relevant to 
the 'added value', 'corporate citizenship' and 'quality' values and immediately achieved 
high scale. Two senior managers of HP said that an issue was more likely to be 
endorsed by senior management if it fit within the slogan, "orders up, cost down, people 
happy, business clean." If an issue challenges or confronts the values that the 
organization holds, it was also placed on the organizational agenda and elicited an 
organizational action. If no appropriate label could be found that spoke to the 
organizational values, then the issue remained in the issue pool.
Organizational values also influence the likelihood that an issue moves from the 
organizational agenda to elicit action. Organizational values guide actions (Akaah and 
Lund 1994) by suggesting types of preferred behaviors (Rokeach 1973). They also 
provide a means for interpreting actions (Ford and Baucus 1987; Ranson et al. 1980). 
Earlier, we argued that at the level of the individual we chose to use individual concerns 
over values as the preferred construct because values are passive attributes. At the 
level of the organization, the organization is not the agent of change but the target of 
change, so organizational values is the relevant construct. People change 
organizations, and organizational structures impede, shape and filter the change 
process. Organizational values also provide a means for reinterpreting actions later 
(Rokeach 1979).
For an issue to be strategic, that is, of large scale, it must appear on the organizational 
agenda. For an issue to elicit an action, it must fit with at least one organizational value. 
If it does, then issue advocates have a context within which to talk about the issue and 
draw management attention. The greater the number of values the issue embraces and 
the greater the support for any specific value, the greater the likelihood that the issue 
will grab management attention and, therefore, become a strategic issue. An issue that 
supports more values can be framed in different ways and is likely to appeal to different 
audiences. Hence, at least part of the management team will endorse an issue 
response. An issue that supports strongly some values is more likely to have a few 
strong advocates who could potentially diminish some of the negative associations with 
the issue. If the issue does not fit with any value, the issue will not be noticed, filtered 
out, or evaluated unfavorably. For example, the recycling of fluorescent tubes in HP and 
the sustainable development issue in RX were expected to incur costs, and did not 
appear to support the other values. Hence, these issues had no associated actions.
Proposition 2a: The iess the relevance o f the issue to organizational
values, the less the likelihood of organizational adaptation.
Proposition 2b: The greater the consistency o f the issue with
organizational values, the greater the scale o f organizational adaptation.
Issues are more quickly addressed by the organization if the lack of response is an 
affront to the organization's values. When the issue cannot be expressed in terms of
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organizational values, it does not receive a response. When it can be expressed in 
terms of organizational values and is found to challenge them, it receives a rapid 
response. RX, for example, was accused by a local newspaper of contaminating a 
retired manufacturing site. This threat to their value of corporate reputation was met with 
an immediate response. Issues that confront organizational values are placed on the 
agenda immediately. The greater the evidence that an issue poses a threat to the 
organization's values and the more widespread the threat, the more likely that the firm 
will respond quickly. Organizational values serve as glue for the organization and shape 
its culture, identity, structure and strategy. When an issue confronts an organizational 
value, it weakens the binding agent of the firm, and therefore, weakens its attempts at 
building an identity, culture, structure, and strategy. As with threats to personal values, 
threats to organizational values are likely to elicit a rapid response.
Proposition 2c: The greater the degree to which the issue confronts 
organizational values, the greater the pace of organizational adaptation.
Individual concerns and organizational values
Organizational values provide the framework for acceptable actions or behaviors and 
individual concerns provide the impetus to ensure that the issue is championed. When 
an issue aligns individual concerns with organizational values, it is more likely to result 
in an action. Prior studies have supported the view that the alignment between 
organizational and individual levels of analysis is important for organizational outcomes. 
For example, the congruence between individual and organizational values has been 
shown to influence employee satisfaction (Meglino, Ravlin, and Adkins 1989), corporate 
social responsibility (Balazas 1990; Leidtka 1989), departmental power (Enz 1988), 
culture (Howard 1990; Trice and Beyer 1984) and organizational identification (Dutton, 
Dukerich, and Harquail 1994). This need for alignment between the individual and 
organization was expressed by an RX employee, "Again that is part of the 
organizational value system - the conscience of the organization if you w ill... I am 
assuming that people that sign up to come to the company, normally will support the 
value system over time. If not they should leave, or they do leave".
Proposition 3: The greater the congruence between organizational values 
and individual concerns the greater the likelihood o f organizational 
adaptation.
CONCLUSION
In this project, we investigated the fiow of natural environment issues within two major 
organizations in the UK, Hewlett Packard (UK) Ltd. and Rank Xerox Ltd. We evaluated 
the conditions under which issues were associated with organizational adaptation. To 
do so, we applied a longitudinal ethnographic case study method aimed at developing 
theory. This permitted us to address prior criticisms of organizational research being 
"ahistorical, acontextual and aprocessual" (Pettigrew 1990: 269). The data revealed the 
importance of organizational values and individual concerns in explaining the scale, 
scope and pace of organizational adaptation. The key proposition forwarded in this
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study is that organizations are more likely to act on issues when individual concerns are 
congruent with organizational values.
The theory developed in this project makes several contributions. First, we explored 
different levels of influence and interaction in the adaptation process: the individual and 
the organizational levels. In doing so, we respond to Mintzberg and Westley's (1992: 56) 
call for greater "conceptual clarity concerning the level where the change originates or is 
focused" and Fox-Wofgramm, Boal and Hunt's (1998) request for "future studies [to 
study] organizational change at multiple levels". This goal was facilitated by the use of 
longitudinal comparative ethnographic data that permitted us to "examine continuous 
processes in contrast and to draw in the significance of various interconnected levels of 
analysis" Pettigrew (1990: 271). Although prior research on strategic issue management 
recognizes the role of the individual in organizational adaptation processes, it has 
generally been limited to the application of cognitive categorization theory. In this study, 
we extend this work to more fully integrate the different and yet complementary roles 
played by the individual and the organization. The added complexity of this model 
provides a fuller understanding of the processes that explain the scale, scope and pace 
of organizational adaptation.
Second, this project provides insights into organizational adaptation processes by 
relying on both stalled and completed actions. Prior studies of issue development have 
investigated primarily strategic issues that lead to action. In extending this study to a 
wider set of issues, we uncovered a potentially important finding. Prior research in issue 
management has emphasized the instrumental aspects of issues such as their urgency 
and feasibility (Dutton and Duncan 1987a), controllability (Thomas, Clark, and Gioia 
1993), and their likelihood of posing an opportunity or threat (Jackson and Dutton 1988). 
This research, on the other hand, emphasizes the normative aspects of issues. Our 
research suggests that issues with high normative value and low instrumental value 
may also lead to organizational adaptation. This implication may be particularly 
important for firms confronting completely new issues for which issue labels are not 
readily available. Indeed, the normative aspects of an issue may be more relevant than 
the instrumental aspects since the latter are more difficult to define for completely new 
issues. The normative aspects of issues, reflected in individual concerns and 
organizational values, have received little research attention and could forward our 
understanding of organizational adaptation.
Our research also has managerial implications in the area of organizational change. We 
show that radical organizational change associated with punctuated equilibria (Tushman 
and Romanelli 1985), transformations (Fletcher 1990), and revolutions (Miller and 
Friesen 1982; Mintzberg and Westley 1992) is facilitated by the congruence of 
organizational values and individual concerns. Consequently, managers will be more 
effective in their change efforts if they ensure that organizational values are consistent 
with their proposed changes and that the changes are framed in a way that is palatable 
with individual concerns. The failure to align organizational values with individual 
concerns may jeopardize organizational transformations.
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Finally, not only have we made an effort to inform theory on organizational adaptation, 
we also hoped to highlight some of the processes pertaining to issues on the natural 
environment. In our research, organizational members often offered seemingly 
contradictory explanations for the same action: "we did it because it pays" versus "we 
did it because it is the right thing to do". The arguments in this paper suggest that they 
may be a manifestation of the competing issues and agendas between the individual 
and organization. This contest between the individual concerns and organizational 
values may generate multiple explanations for the same phenomena and prove to be an 
obstacle in building corporate environmental responsibility.
Two limitations, however, could affect the implications arising from this study. First, the 
study investigated only natural environment issues, so that the importance of 
organizational values and individual concerns may have been heightened by the issue's 
characteristics. In particular, issues pertaining to the natural environment clearly have 
strategic (Shrivastava 1995) and normative aspects and, therefore, individual and 
organizational relevance. The concepts and constructs developed in this research, 
however, are not necessarily limited to natural environment issues. New insights are 
often exposed by studying extreme cases where new situations reveal new theory 
(Eisenhardt 1989). If we had studied issues which normally demand organizational or 
strategic attention, say those pertaining to product innovation or technology, the role of 
organizational values and individual concerns in facilitating issue progression may have 
been equally as relevant but muted. It would be helpful if future research tested the 
generalizability of these findings to a different set of issues.
Second, in spite of our efforts to capture information pertaining to all issues of the 
natural environment, there is still a tendency to identify those issues demanding 
attention. Consequently, it may appear that most of the issues identified evoked actions, 
when indeed there may have been issues that were not identified. Through our 
longitudinal ethnographic research design and the involvement of participant observers 
and an objective researcher on the team, we have been successful at capturing data 
pertaining to some stalled issues. Investigating the absence of an issue presents many 
more challenges than.investigating its presence. Inevitably, some stalled issues have 
been likely missed. In spite of the difficulties in capturing data on stalled issues, our 
study suggests that this type of research has the potential to inform organizational 
adaptation processes.
The study of organizations and the natural environment is an emerging discipline 
gaining widespread interest among researchers. Not only is there a need to build theory 
specific to the study of the natural environment, there is also an opportunity to have the 
study of the natural environment inform existing theory. This paper bridges the study of 
issues related to the natural environment to that of organization and management 
theory and informing organizational adaptation.
319
From issues to actions: the congruence of organizational values and individual concerns in facilitating
organizational adaptation
REFERENCES
Ackerman, R.W.
1975 The Social Challenge to Business. Cambridge, MA: Harvard University Press. 
Akaah, Ishmail P., and Daulatram Lund
1994 “The influence of personal and organizational values on marketing professionals' 
ethical behavior.” Journal of Business Ethics 13:417-430.
Andersson, Lynne M., and Thomas S. Bateman
1998 “Championing Natural Environmental Issues in Business Organizations”: Saint 
Joseph's University, Working paper.
Balazas, A.L.
1990 “Value congruency: The case of the 'socially responsible' firm.” Journal of 
Business Research 20:171-181.
Bansal, Pratima
1997 “Business strategy and the environment.” In Business and the Natural 
Environment, ed. Pratima
Bansal, and Elizabeth Howard. Oxford: Butterworth-Heinneman.
Daft, Richard L., and Karl E. Weick
1984 “Toward a model of organizations as interpretation systems.” Academy of 
Management Review 9:284-295.
Dunlap, Riley E., and Kent D. Van Liere
1978 “The "new environmental paradigm".” The Journal of Environmental Education 
9:10-19.
Dutton, Jane E.
1988a “Perspectives on strategic issue processing: Insights from a case study.” In 
Advances in Strategic Management, ed. P. Shrivastava, and R. Lam. 223-244. 
Greenwich, CT: JAI Press.
Dutton, Jane E.
1988b “Understanding strategic agenda building and its implications for managing 
change.” In Managing Ambiguity and Change, ed. Louis R. Pondy, Richard J. Jr. 
Boland, and Howard Thomas . 127-144: John Wiley & Sons Ltd.
Dutton, Jane E.
1993 “Interpretations on automatic: A different view of strategic issue diagnosis.” 
Journal of Management Studies 30:339-357.
320
From issues to actions: the congruence of organizational values and individual concerns in facilitating
Organizational adaptation
Dutton, Jane E.
1997 “Strategic agenda building in organizations.” In Organizational Decision Making, 
ed. Zur Shapira. 81-105. Massachusetts: Cambridge University.
Dutton, J.E., and S.J. Ashford
1993 “Selling issues to top management.” Academy of Management Review 18:397- 
428.
Dutton, J.E., S.J. Ashford, R. O'Neill, E. Hayes, and E. Wierba
1997 “Reading the wind: How middle managers assess the context for issue selling to 
top management.” Strategic Management Journal 18:407-423.
Dutton, Jane E., and Janet M. Dukerich
1991 “Keeping an eye on the mirror: Image and identity in organizational adaptation.” 
Academy of Management Journal 34:517-554.
Dutton, Jane E., Janet M. Dukerich, and Celia V. Harquail
1994 “Organizational images and member identification.” Administrative Science 
Quarterly 39:239-263.
Dutton, Jane E., and Robert B. Duncan
1987a “The creation of momentum for change through the process of strategic issue 
diagnosis.” Strategic Management Journal 8:279-295.
Dutton, Jane E., and Robert B. Duncan
1987b “The influence of the strategic planning process on strategic change.” Strategic 
Management Journal 8:103-116.
Dutton, Jane E., Liam Fahey, and V.K. Narayanan
1983 “Toward understanding strategic issue diagnosis.” Strategic Management Journal 
4:307-323.
Dutton, J.E., and S.E. Jackson
1987 “Categorizing strategic issues: Links to organizational action.” Academy of 
Management Review 12:76-90.
Dutton, Jane E., and Wendy J. Penner
1993 “The importance of organizational identity for strategic agenda building.” In 
Strategic Thinking, Legitimacy and the Management of Change, ed. J. Hendry, G 
Johnson, and J. Newton. 89-113: John Wiley & Sons Ltd.
Eisenhardt, Kathleen M.
1989 “Building theories from case study research.” Academy of Management Review 
14:532-550. _
321
From issues to actions: the congruence of organizational values and individual concerns in facilitating
organizational adaptation
Elsbach, Kimberly D., and Roderick M. Kramer
1996 “Members' responses to organizational identity threats: Encountering and 
countering the Business Week rankings.” Administrative Science Quarterly 41:442-476.
Enz, Cathy A.
1988 “The Role of Value Congruity in Intraorganizational Power.” Administrative 
Science Quarterly 33:284-304.
Finkelstein, Sydney, and Donald C. Hambrick
1990 “Top-management-team tenure and organizational outcomes: The moderating 
role of managerial discretion.” Administrative Science Quarterly 35:484-503.
Fletcher, Beverly R.
1990 Organization Transformation Theorists and Practioners: Profile and Themes. 
New York: Praeger Publishers.
Ford, J.D., and D.A. Baucus
1987 “Organizational adaptation to performance downturns: An interpretation-based 
perspective.” Academy of Management Review 12:366-380.
Fox-Wolfgramm, Susan J., Kimberly B. Boal, and James G. Hunt 
1998 “Organizational adaptation to institutional change: A comparative study of first- 
order change in prospector and defender banks.” Administrative Science Quarterly 
43:87-126.
Ginsberg, Ari, and N. Venkatraman
1992 “Investing in new information technology: The role of competitive posture and 
issue diagnosis.” Strategic Management Journal :37-53.
Gioia, D.A., and K. Chittipeddi
1991 “Sensemaking and sensegiving in strategic change initiation.” Strategic 
Management Journal 12:433-448.
Hage, Jerald, and Robert Dewar
1973 “Elite values versus organizational structure in predicting innovation.” 
Administrative Science Quarterly 18:279-290.
Hambrick, D.C., and G. Brandon
1988 “Executive values.” In The Executive Effect: Concepts and Methods for Studying 
Top Managers, ed. D.C. Hambrick. 3-34. Greenwich, CT: JAI Press.
Hinings, C. R., L. Thibault, T. Slack, and L. M. Kikulis
1996 “Values and organizational structure.” Human Relations 49:885-916.
322
From issues to actions: the congruence of organizational values and individual concerns in facilitating
organizational adaptation
Howard, R.
1990 “Values make the company: An interview with Robert Haas.” Harvard Business 
Review 68:132-144.
Howell, Jane M., and Christopher A. Higgins
1990 “Champions of technological innovation.” Administrative Science Quarterly 
35:317-341.
Jackson, Susan E., and Jane E. Dutton
1988 “Discerning threats and opportunities.” Administrative Science Quarterly 33:370- 
387.
Kabanoff, Boris, Robert Waldersee, and Marcus Cohen
1995 “Espoused values and organizational change themes.” Academy of Management 
Journal 38:1075-1104.
Kahneman, D., and A. Tversky
1984 “Choice, values, and frames.” American Psychologist 39:341-350.
Leidtka, J.M.
1989 “Value congruence: The interplay of individual and organizational systems.” - 
Journal of Business Ethics 8:805-815.
Meglino, B., E.C. Ravlin, and C.L. Adkins
1989 “A work values approach to corporate culture: A field test of the value 
congruence process and its relationship to individual outcomes.” Journal of Applied 
Psychology 74:424-432.
Meyer, A.D.
1982 “Adapting to environmental jolts.” Administrative Science Quarterly 27:525-537. 
Miles, Matthew B. , and A. Michael Huberman
1994 Qualitative Data Analysis: An Expanded Sourcebook. Newbury Park: Sage 
Publications.
Miller, Danny, and Peter H. Friesen
1982 “Structural change and performance: Quantum versus piecemeal-incremental 
approaches.” Academy of Management Journal 25:867-892.
Milliken, F.J.
1990 “Perceiving and interpreting environmental change: An examination of college 
administrators' interpretations of changing demographics.” Academy of Management 
Journal 33:42-63.
323
From issues to actions: the congruence of organizational values and individual concerns in facilitating
organizational adaptation
Mintzberg, Henry, Duru Raisinghani, and Andre Theoret
1976 “The structure of "unstructured" decision processes.” Administrative Science 
Quarterly 21:246-275.
Mintzberg, Henry, and Frances Westley
1992 “Cycles of organizational change.” Strategic Management Journal 13:39-59. 
Monge, Peter R.
1990 “Theoretical and analytical issues in studying organizational processes.” 
Organization Science 1:406-431.
Nelson, Richard R., and Sidney G. Winter
1982 An Evolutionary Theory of Economic Change. Cambridge, MA: Harvard 
University Press.
Pettigrew, Andrew M.
1985 “Contextualist research: A natural way to link theory and practice.” In Doing 
Research That is Useful for Theory and Practice, ed. Edward E. Ill Lawler, and et al. 
San Francisco: Jossey-Bass Publishers.
Pettigrew, Andrew M.
1990 “Longitudinal field research on change: Theory and practice.” Organizational 
Science 1:267-291.
Pfeffer, Jeffrey, and G.R. Salancik
1978 The External Control of Organizations: A Resource Dependence Perspective. 
New York: Harper & Row.
Post, James E., and Barbara W. Altman
1994 “Managing the environmental change process: Barriers and opportunities.” 
Journal of Organizational Change Management 7:64-81.
Ranson, S., C.R. Hinings, R. Greenwood, and I.C. Walsh
1980 “Value preferences and tensions in the organization of local government.” In The 
International Yearbook of Organization Studies, ed. D. Dunkerley, and G. Salaman. 
197-221. London: Routledge and Kegan Paul.
Rokeach. Milton
1973 The Nature of Human Values. New York: Free Press.
Rokeach, Milton
1979 “From individual to institutional values: With special reference to the values of 
science.” In Understanding Human Values: Individual and Societal, ed. Milton Rokeach. 
47-70. New York: Free Press.
324
From issues to actions: the congruence of organizational values and individual concerns in facilitating
organizational adaptation
Schneider, Susan C., and Arnoud De Meyer
1991 “Interpreting and responding to strategic issues: The impact of national culture.” 
Strategic Management Journal 12:307-320.
Schwartz, S.H.
1992 “Universals in the content and structure of values: Theoretical advances and 
empirical tests in 20 countries.” In Advances in Experimental Social Psychology, ed. 
M.P. Zanna. 1-65. Orlando, FL: Academic Press.
Shrivastava, Paul
1995 “Environmental technologies and competitive advantage.” Strategic Management 
Journal 16:183-200.
Stern, Paul, C., and Thomas Dietz
1994 “The value basis of environmental concern.” Journal Of Social Issues 50:65-84.
Thomas, James B., Shawn M. Clark, and Dennis A. Gioia
1993 “Strategic sensemaking and organizational performance: Linkages among 
scanning, interpretation, action, and outcomes.” Academy of Management Journal 
36:239-270.
Thomas, James B., and R. McDaniel
1990 “Interpreting strategic issues: Effects of strategy and the information processing 
structure of the top management team.” Academy Of Management Journal 33:286-306.
Thomas, J.B., L.J. Shankster, and J.E. Mathieu
1994 “Antecedents to organizational issue interpretation: The role of single-level, 
cross-level and content cues.” Academy of Management Journal 37:1252-1284.
Trice, Harrison M., and Janice M. Beyer
1984 “Studying organizational cultures through rites and ceremonials.” Academy of 
Management Review 9:653-669.
Tushman, Michael L., and Elaine Romanelli
1985 “Organizational evolution: A metamorphosis model of convergence and 
reorientation.” Research in Organizational Behavior 7:171-222.
Van de Ven, Andrew H.
1988 “Review essay: Four requirements for processual analysis.” In The Management 
of Strategic Change, ed. Andrew M. Pettigrew. 330-341. Oxford: Basil Blackwell.
Weick, K.E.
1987 “Organizational culture and high reliability.” California Management Review 
29:112-127.
325
From issues to actions: the congruence of organizational values and individual concerns in facilitating
organizational adaptation
Weick, Karl E.
1989 “Theory construction as disciplined imagination.” Academy of Management 
Review 14:516-531.
326
From issues to actions: the congruence of organizational values and individual concerns in facilitating
organizational adaptation 
TABLE 1 
Issues and Actions
ISSUE ACTION Scale Scop
e
Pace
H • energy and waste • environmental Hoshin Medi Wide Medi
P management (office waste recycling) urn um
H • office waste • recycling table Small Narro Fast
P recycling/reduction w
H • sustainable • SQF sustainability Hoshin Large Narro Slow
P manufacturing w
H
P
• use of recycled paper
H
P
• product stewardship
H • corporate . • HP way content Large Wide Medi
P environmental • DeskJet 400 product Small Narro um
reputation release statement w Slow
• CPO newsletter (reference Small
to Blue Angel) Small Wide Medi
• SHEIIBA Narro um
w Slow
H • Customer • CPO business plan Medi Narro Medi
P satisfaction/concerns • call handling urn w um
Medi Narro Fast
um w
H • marketing of Green
P workstation in UK
H • benchmarking • SHEIIBA Small Narro Slow
P w
H • Compliance to • EHS audit preparation Small Medi Fast
P corporate • EHS environmental Medi um Medi
environmental policy Hoshin um Wide um
H • Environmental • EHS environmental Medi Wide Medi
P policy/strategy Hoshin um Medi um
• CPO business plan Medi um Medi
um um
H • Maintaining employee • HP way content Large Wide Medi
P citizenship um
R • Energy management • energy policy Large Wide Medi
X um
R • office waste • waste free office Large Wide Slow
X recycling/reduction • Paper group WGC Small Narro Medi
w um
R
X
• Product stewardship
R • Packaging
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X
R
X
• end of life
R
X
• environmentally 
sound buildings
R
X
• sustainable 
development
-
R
X
• corporate 
environmental 
reputation
• environmental report
• MBA study
• discussion with EE 
reporter
• tender documents
• EBEAFI publicity
• Environmental impact 
assessment 
commissioned
Medi
um
Small
Small
Large
Small
Large
Wide
Narro
w
Narro
w
Narro
w
Narro
w
Narro
w
Medi
um
Fast
Fast
Fast
Medi
um
Fast
R
X
• Customer
satisfaction/concerns
• voice of the customer 
database
• corporate refocus
• environmental report
• certification „
• proposal for EBEAFI
• tender documents
• WGC
Small
Large
Large
Large
Small
Large
Small
Narro
w
Wide
Wide
Wide
Narro
w
Wide
Narro
w
Fast
Fast
Fast
Fast
Fast
Fast
Slow
R
X
• Competitor 
benchmarking
• product range changes Large Wide Fast
R
X
• Certification • BS7750 at Mitcheldean
• EMAS application, 
Mitcheldean
Large
Large
Wide
Wide
Fast
Fast
R
X
• Benchmarking • Environmental report Large Wide Fast
R
X
• eco labelling •
R
X
• continuous 
improvement
• certification Large Wide Fast
R
X
• internal awareness • MBA study
• environmental slides
• Corp Communications 
coverage
• Earth Day
• Environment in 
Foundation workshop
• Group Resources 
Communications Cascade
Small
Small
Medi
um
Medi
um
Large
Large
Narro
w
Narro
w
Medi
um
Medi
um
Medi
Fast
Fast
Fast
Fast
Fast
Fast
Fast
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• Environment in EDP Large um
Medi
um
Medi
um
R • middle management • Foundation workshop Large Medi Fast
X commitment • XMM Large um Fast
• Group Resources Large Wide Fast
Communications Cascade Medi
• inclusion of environment in Large um Fast
EDP
Medi
um
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TABLE 2 
Organizational Values
HP Organizational Values
Added value: profits, cost reduction, hard data, better data
Image: maintaining a good image within the community, public face
Corporate citizenship: makes a positive contribution to every 
community and society in which it operates, integrity, philanthropy, 
ethical
Sales focus
Employee satisfaction
Quality: total quality commitment
Risk management: minimize unnecessary risks, internal audits.
Planning: careful planning, better data
RX Organizational Values
Profits: premium return on assets, resource utilization, market share
Image: Maintaining a good and high profile in the community.
Corporate citizenship: Taking care of people and the working 
environment.
Customer focus: having loyal customers, customer satisfaction.
Employee satisfaction
Quality: providing external and internal customers with innovative 
products and services that fully satisfy their requirements
Communication: good communication cascading internally and 
externally
Proactive: leader in the document markets, excellence in all we do
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Section 3 -  six month reports
48 MONTH REPORT
Kirstie McIntyre
EngD4
This is the final six month report which is submitted to the portfolio. The thesis in 
Volume 1 of this portfolio subsumes the 48 month report as the last six months of 
this doctorate have involved the writing up of the thesis and the further development 
of the environmental performance model described in the thesis and the application 
of that model to Xerox Ltd.
The thesis describes the difficulty with aligning the environmental performance 
model with strategic planning issues at Xerox Ltd and outlines in detail the solution 
that has been generated. By statistically relating the environment to the core 
corporate goal of customer satisfaction, it is possible for the environment to move 
away from the operational agenda and onto the strategic agenda. It became very 
clear that the environment, in the current business climate of cost savings and _ 
redundancies, would not be able to be optimised alongside the other business 
metrics on an equal basis. Therefore it was decided that the most effective way of 
forcing the environment into strategic business planning was to establish a firm 
relationship with another business metric. In this way, the environmental 
performance of the company is clearly understood to have an impact on customer 
satisfaction with the company. This makes a strong case for the company to 
improve environmental performance as this will, in turn, improve customer 
satisfaction with the company.
The main aims of this research project were to model the environmental impacts of a 
supply chain scenario and to enable the environment to enter the strategic planning 
process. This was shown to have been done through, firstly, the development of the 
environmental performance model. The results of the model have raised certain 
implications for Xerox and for the field of knowledge in this area. Environmental 
action is now able to be prioritised, detail has been reduced while still allowing a 
useful level of analysis, it is clearly indicated that supplier action needs careful study 
from an environmental perspective and that a base case has been established 
which will require updating to remain current and useful. Lessons for the field of 
knowledge in this area were found to be: a confirmation that supplier activity is 
important in reducing overall supply chain environmental, that a holistic view is 
required with all supply chain functions included.
The next part of this research project was to apply the model developed to the 
business planning processes at Xerox Ltd. This was a very important stage in the 
research process as it pushes environmental understanding in the company much 
further than measuring performance. This is seen by many of the ‘think-tanks’,
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most notably SustainAbility Ltd, as the way forward for environmental business 
management. The environment needs to enter business planning processes and 
become a strategic issue so that it does not remain an operational issue. The 
process of aligning the environmental results of the model with a core business 
metric was much more complex than imagined due to the amount of management 
systems and metrics within the company. This is symptomatic of a mature, quality 
managed company and has both benefits and disadvantages.
By enabling the supply chain to measure its environmental impacts and support its 
environmental decisions at a strategic level, the scene is set for change in the future. 
It should be remembered that supply chains are the method by which companies are 
linked together and form material flows and add value through economies. It may 
be that it will be the supply chains of the future that will compete in a more 
environmentally sensitive business arena.
The papers written during this research project have now been published and copies 
of them can be found in section 1 of Volume 2 of the portfolio. Two other papers 
have been written with co-authors and are currently under review with journals for 
publication in the near future. These papers are listed below:
Recent publications:
McIntyre, K., H. Smith, A. Henham and J. Pretlove, (1998a), ‘Logistics performance 
measurement and greening supply chains: Diverging mindsets”, the International 
Journal of Logistics Management, Vol. 9, No. 1, pp. 57-68.
McIntyre, K., H. Smith, A. Henham and J. Pretlove, (1998b), ‘Environmental 
performance indicators for integrated supply chains: the case of Xerox Ltd’, Supply 
Chain Management: An international journal, Vol. 3, No. 3, pp. 149-156.
McIntyre, K., (1998), ‘Enabling environmentally conscious decision making in supply 
chains - the Xerox example’, Chapter 20 in “Greener Purchasing: Threats and 
innovations”, ed. T. Russel, Greenleaf Publishing, Sheffield, pp. 263-269.
Forthcoming publications:
Earl, G. & K. McIntyre, (1998), “Stakeholder priorities - the missing link”, under 
review with Long Range Planning.
Bansal, P., Z. Jackson & K. McIntyre, (1998), “From issues to actions: the 
congruence of organisational values and individual concerns”, under review with 
Administrative Science Quarterly, USA.
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1.0 Introduction
The aim of this report is to describe progress made with a number of issues over the last 6 
months. The environmental common denominators within the matrix have now been 
modelled for one supply chain scenario - the production, delivery and use of Hodaka in the 
UK. The pollutants emitted and materials intensity indicators are discussed here. The 
results from the 3 environmental indicators are shown and their means of comparison is 
explained. With the matrix complete, it is now possible to carry out scenario modelling to 
relate the environmental indicators to business performance metrics. A model of a simple 
supply chain has been constructed using the ‘ithink’ software used by Xerox supply chain 
planners. Built into this model are the standard supply chain metrics and describing the 
relationship between these and the environment is now underway. Outstanding issues 
related to the completion of the matrix with finance data are also discussed.
2.0 Pollutants emitted
Figure 1 shows the matrix which has been described in previous reports. All 
environmental indicator fields are now populated with data, only finance remains to be 
completed.
ENVTL 
COMMON 
DENOM- /  O' 
INATOR r
ENERGY
CONSUMP­
TION
E aq + E as + E< +  E i +  E wl + E r +  E  ar
MATERIALS
INTENSITY Maq + Mas + Md + M, + Mw, + Mr + Mar
POLLUTANTS
EMITTED P aq +  P as + P d + pi + P wl +  P r + P ar
FINANCIAL
COST C aq + C as + c d + c w. + c r + c ar
As the supply chain elements (such as install) had been fully described during the energy 
phase of the matrix population, collecting pollution data was a more straightforward task.
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Data and conversion factors came from a variety of sources which are listed in the 
appendix, many of which are actual data reported in-house. However, as would be 
expected, there is a much greater range of pollutants emitted to air throughout the supply 
chain than there is energy used. Unlike energy it is impossible to relate all the different 
types to one simple measure. A means of simplifying the comparison between supply 
chain elements producing different emission was sought out.
In 1996, ICI pic developed their environmental burden approach. It assesses the potential 
harm caused to the environment from chemical emissions and ranks the potential 
environmental impact of the emissions. In this way it is possible to compare the potential 
harm caused to the environment by totally different processes. In the Xerox model, all air 
emissions can be related to the ability to cause global warming or atmospheric 
acidification, both important indicators of environmental change. These are both global 
environmental indicators as the supply chain, although causing local environmental effects 
is a globally disparate organisation. The ICI Environmental Burden Approach is 
constructed in the following way and has been used in exactly this way for describing the 
Xerox supply chain air emissions.
Air emissions are recorded in absolute tonnages over 1 year. An externally verified 
formula is then applied which multiplies the absolute tonnage by that chemical’s ability to 
cause environmental harm under the global warming category for example. This gives a 
factor which can be summed within each environmental burden category, giving a figure 
for air emissions for that functional element in the supply chain. Figure 2 demonstrates 
how this is achieved:
Figure 2: An example of an Environmental Burden calculation
Weight (t) Potency Factor
Ammonia 20 X 1.88 = 37.60
Hydrogen choride 3 X 0.88 = 2.64
Nitrogen dioxide 4 X 0.70 = 2.80
Sulphur dioxide 5 X 1.00 = 5.00
Environmental Burden for Atmospheric Acidification = 48.04 units S02 equivalent
The approach is very useful for summing up a wide range of air emissions and giving an 
indicator of environmental burden for a complex process, however there are some 
shortcomings which have to be taken into account. Local effects such as noise cannot be 
addressed. The user still must have a good level of technical understanding regarding the 
issues of global warming and atmospheric acidification, as not everyone will be familiar 
with this terminology. There are some chemical air emissions which Xerox produces 
which are not listed under the ICI approach,, this means that they cannot be included if this 
methodology is used. This includes local ozone emission from the machine and 
particulates and PM 10s produced by freight trucks and manufacturing. Another company, 
Unilever, has also developed a way of aggregating air emissions and this methodology is 
also being investigated for its applicability to the Xerox supply chain.
336
The following results are produced from the methodology as described above:
GLOBAL WARMING POTENTIAL FROM 1 YR COPY/PRINT 
(LIFETIME = 5 YRS)
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CD
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COPY/PRINT (LIFETIME = 5 YRS)
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As with the energy consumption indicator, it is the working life of the machine that 
produces the biggest environmental impact in relation to the other supply chain functions. 
This is, in part, due to the electricity generation which is required to power the machine. 
This is higher than it would be in real terms, as for ease of data collection, all electricity is 
assumed to be generated from coal fired power stations. This actually represents 65% of 
the UK total power generated. This raises both global warming potential due to the 
carbon dioxide produced and atmospheric acidification due to the sulphur dioxide 
produced by coal fired power stations. However this is the same for all electricity used 
throughout the model and so the results are still comparable. Another factor in the
DIRECT
TRANSPORT
OTHER
DIRECT
TRANSPORT
OTHER
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working life which adds substantially to the environmental impact realised is the transport 
which is used to deliver paper, toner cartridges and the journeys that the service engineer 
must make to the machine. However assembly also shows a significant impact due to 
energy use in manufacturing processes. The completed spreadsheets are included in the 
appendix.
3.0 MIPS
MIPS or material intensity per unit of service is a relatively new method for measuring 
environmental impact. Like energy it is an input measure of environmental impact (see 
Figure 3 below). The bulk of this work has been carried out by the Wuppertal Institute in 
Germany and it is this work that has been drawn on to construct the Xerox supply chain 
material intensity. The Wuppertal Institute’s rationale for developing such a tool is that the 
monetary internalisation of environmental costs will take a long time to achieve and in the 
meantime the environment is not being reflected in market prices. Therefore the price of 
goods and services is not priced according to the environmental damage that they cause 
and as they will continue to be consumed at ever-increasing rates, they will continue to 
inflict large amounts of damage on the environment. In particular, argue the researchers 
at the Institute, Western economies use too many resources in the production of their 
goods and services and this is not sustainable. A 10 fold decrease in the amount of 
materials is needed to be able to approach sustainable development. It is proposed'that it 
is possible to provide the same unit of service but at higher material intensities. Such a 
rationale encourages the recycling and reuse of materials and as such was interesting 
from Xerox’ perspective as it can show concrete proof of a benefit to the environment from 
remanufacturing.
Figure 3: Environmental inputs and outputs from Xerox Supply Chain
►FINANCIAL BENEFIT
MATERIALS POLLUTION
Materials intensity is defined as the ‘sum of all environmental materials including energy 
carriers, needed to produce, operate, maintain and correctly dispose of a good, usually 
expressed in mass per product’. Boundaries are drawn around the system and kilograms 
of materials used are summed. The amount of displaced materials is also included, but 
has not been included in the Xerox model due to a lack of data. Bringezu (1993) in 
particular, suggests that looking at just the output side of environmental impact, i.e. 
pollution produced, does not give the complete picture and that it is important to also 
recognise the environmental impact that is caused by the use of resources and materials
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to produce and maintain a good or service. Also called resource intensity analysis (RIA), 
materials intensity enables a company to see which primary materials are consumed to 
largest extent by a service and which processes cause the highest consumption of those 
materials. As stated ‘it is difficult to solve the output problems of industrialised countries 
by shutting output locks while leaving the input doors open’.
Compiling the materials intensity for Hodaka was relatively straightforward as the 
processes have already been mapped for its supply chain and amounts of materials used 
identified for both the energy consumption and pollutants emitted analysis. Conversion 
factors from Boustead and Hancock (1981) were used to calculate how much coal and 
gas had been used to produce the known amounts of energy used in the supply chain. 
The methodology and means of displaying the data are drawn directly from Kranendonk 
and Bringezu (1993) from the Wuppertal Institute and are seen below in Figure 4:
Figure 4: The Materials Intensity calculation for the Hodaka Supply Chain in the UK
material in kg/UK MIF (2200/yr) processes
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As indicated some data remains to be collected, but it is apparent that again, it is the 
working life of the machine which uses the most material inputs, this time due to the 
amount of paper used by the machine during its life.
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4.0 Comparative graphs
As the model has now been populated with the environmental information required it is 
possible to see the environmental impacts caused by one supply chain scenario, the 
manufacture, delivery and maintenance of Hodaka in the UK. However it is important that 
all the environmental indicators are compared for the same unit. This is sjmilar to the LCA 
method of standardising the functional unit so that different options can be compared. In 
order to do this for Hodaka, a number of assumptions are made. It is difficult to predict the 
lifetime of a Hodaka machine as it is designed to be upgradeable within a customer’s 
premises, however 5 years is taken as the lifetime after which it is returned to be 
remanufactured. This, in effect, ‘discounts’ the environmental impact from acquire, 
assembly, distribute and install over 5 years. In this way all 5 years’ of life are equal and 
the functional unit can be set as 1 year’s service from one Hodaka machine. This can 
then be compared for all 3 environmental indicators as seen below in Figure 5.
Figure 5: Graphs showing environmental indicators (energy consumption, pollutants 
emitted and materials intensity) on a comparative basis.
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As it is the environmental impacts of the supply chain that this research is measuring, not 
the machine impacts, then some of the impacts arising from the working life of the 
machine can be ignored. These include the direct energy consumption and associated 
pollution emitted and materials used of the machine itself. The difference that this makes 
to the comparative graphs can be quite clearly seen and they form a stronger indicator to 
the supply chain of where it can improve its environmental performance (see Figure 6).
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Figure 6: Graphs showing the environmental impacts with direct energy consumption (and 
associated impacts) during the working life removed to examine the other elements.
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As can be seen, removing the direct energy consumption from the machine, together with 
its associated impacts does not overly change the graphs depicting energy consumption, 
materials intensity or global warming. In these environmental indicators, the working life of 
the machine remains the biggest impact. However it is within the atmospheric acidification 
indicator that the difference can be seen. The energy used by manufacturing process 
during assembly and asset recovery operations are clearly shown to have a bigger impact 
than the working life of the machine. In order to reduce this environmental impact from a 
supply chain per spective it would be more expedient to reduce energy consumption at the 
manufacturing plant.
5.0 Scenario modelling
Previous reports have mentioned the importance of validating the above matrix using 
further scenario modelling. At the time, identifying and mapping a few different scenarios 
was mentioned as the best methodology. However, due to the nature of the dynamic 
simulation which is used within the Xerox supply chain, it is not necessary to identify 
particular supply chain scenarios as the software can map any situation and run models in 
real time. In order to understand how supply chain metrics are related they are modelled 
using software called ‘ithink’. This allows senior managers to support their decisions by 
modelling real situations over real time and recording the outcomes. This is especially 
useful if reality is too complex to have a clear view of the whole system, as simulation can 
help to indicate the consequences of a certain change. The most important metrics which
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are modelled are those which influence costs, service levels and lead times. Areas in 
which this modelling is particularly useful include comparing different processes which 
lead to the location of final integration centres or finding supplier bases for example. 
These decisions not only have an impact on the business performance metrics which are 
modelled, but also potentially on the environment. Therefore the next stage of this project 
is to relate the environmental indicators as described to these performance metrics, 
therefore providing an understanding of how changing business metrics has an effect on 
the environment. In this way, when supply chains are being planned or managed, the 
effect on the environment can also be seen through these indicators and ‘win-win’ 
scenarios can be sought out.
6.0 Next steps
The next stages for this research project are to fully describe the relationships that exist 
between the environmental indicators as modelled and the supply chain performance 
metrics which are used to simulate real time supply chain scenarios in ‘ithink’. In order to 
complete the popluation of the matrix, the rest of the finance data must be collected and 
inserted. This will provide a financial perspective into the planning process. The data in 
the model is constantly being refined for accuracy and reliability. A paper which has been 
submitted to Supply Chain Management: An international journal is included in the 
appendix.
Data Sources and references:
Wuppertal Institute papers on Materials Intensity
Schmidt-Bleek F (1993) MIPS revisited Fresenius Environmental Bulletin 2 pp 407-412
Lehmann H & Schmidt-Bleek F (1993) Material Flows from a systematic point of view 
Fresenius Environmental Bulletin 2 pp 413-418
Bringezu S (1993) Where does the cradle really stand? System boundaries for 
ecobalancing procedures could be harmonised. Fresenius Environmental Bulletin 2 pp 
419-424
Hinterberger F (1993) Reduction of material inputs: An economic foundation of the MIPS 
concept Fresenius Environmental Bulletin 2 pp 425-430
Welfens MJ (1993) De-materialisation strategies and systems of nationl accounts 
Fresenius Environmental Bulletin 2 pp 431-436
Bringezu S (1993) Towards increasing resource productivity: How to measure the total 
material consumption of regional or national economies? Fresenius Environmental Bulletin 
2 pp 437-442
Schutz H & Bringezu S (1993) Major materials flows in Germany Fresenius 
Environmental Bulletin 2 pp 443-448
342
Bringezu S (1993) Resource intensity analyisis: A screeening step for LCA Fresenius 
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Environmental Bulletin 2 pp 478-484
Schmidt-Bleek F (1993) Revolution in Resource Productivity for a sustainable economy: A 
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ICI Pic, (1997), Environmental Burden: The ICI Approach, ICI Public Affairs, 9 Millbank, 
London, SW1P 3JF.
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Royal Commission on Environmental Pollution (1994), Transport and the Environment,
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344
Protect Un
DocuLock
XEROX
2001
COMPANY CONFIDENTIAL
36 MONTH REPORT
MODEL POPULATION & PRELIMINARY RESULTS
Contents:
1.0 Introduction
2.0 Data collection 
2.1 Acquire 
2.2Assembly
2.3 Distribution
2.4 Install
2.5 Working Life
2.6 Remove & Return
2.7 Asset Recovery Operations
3.0 Preliminary results
4.0 Next steps
345
1.0 Introduction
This six month report constitutes a review of work carried out over the previous six 
months and a plan of action for the next twelve months. The environmental 
performance model discussed in previous reports has now been populated with data 
and it is the description of this data which composes the bulk of this report. Areas for 
further clarification are identified, as are the next steps.
The previous six month report discussed the academic rationale for developing a 
new methodology for measuring environmental performance. New logistics 
measurements do not allow for the environment to be taken into account and those 
currently designing environmental performance measurements do not consider the 
whole supply chain or business requirements. This discussion proposed that a new 
environmental performance metric was needed which would incorporate the new 
quality measurements in the integrated supply chain and the requirements for 
measuring the environment. The metric is aimed at senior managers and will enable 
more environmentally conscious decisions to be made about manufacturing and 
supply chain strategy at any point in a product’s life cycle.
The diagram below summarises the Xerox Integrated Supply Chain and the 
components in the chain, identified by this diagram, provide the section headings for 
this report.
Assembly
Materials
Process
Logistics
Process
Manufacturing
Process
i Remove
The metric has been designed to represent all sections of the integrated supply chain 
seen above. However, as can be appreciated, there are many different functions 
within a supply chain, all of which have distinct performance measurements and 
different effects on the environment. It becomes difficult to get an overall picture of 
what is happening with environmental performance throughout the organisation. The 
many different processes result in many different impacts on the environment and 
while all of these could be recorded and indeed many are, they cannot be added 
together or be compared to give an overall performance view. Until the environment 
becomes represented by an easily understood, top level metric, it will be difficult to
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get the level of environmental integration which will be required to make the leap into 
long term sustainability.
In order to circumvent this problem, an environmental common denominator 
approach has been adopted. All processes and operations have environmental 
themes running through them: the amount of energy they consume, their materials 
intensity or the pollutants produced. It is these which have been targeted and are 
displayed in the matrix diagram below. This diagram provides a rapid overview of 
the integrated supply chain and the environmental impacts associated with each life 
cycle stage in the supply chain. This matrix approach is readily expanded to 
incorporate other factors such as financial cost and time to represent the business 
case. Values such as corporate priorities can be added to reflect changing attitudes 
and situations.
The Xerox Environmental Performance Matrix
ENVTL 
COMMON 
DENOM- /  c>~
INATOR
ENERGY
CONSUMP
TION
E  aq +  E  as +  E d + E i +  E w, + E r CO
LU+
MATERIALS
INTENSITY M  aq +  M as +  M d +  M j +  M W| +  M r +  M ar
POLLUTANTS
EMITTED P  aq +  P as + P d +  p i + p w +  p r
CO
Q-+
The model itself is a simple summation of the environmental common denominator 
impact arising at each life cycle stage - in this example - energy consumption.
TOTAL ENERGY IMPACT = EAQ + EAS + E D +  E,  + EWL + ER + Ere 
where:
eh e x t
eaq = total energy mpact of acquire
Eas = total energy mpact of assembly
e d = total energy mpact of distribute
E, = total energy mpact of install
E wl = total energy mpact of working life
e r = total energy mpact of remove and return
E re = total energy mpact of asset recovery operations
Th Ti t.sectinn dismisses the-datajcollection-and reliability at.each-of these life- 
cycle stages.
347
2.0 Data collection
From each of the life cycle stages, senior managers were interviewed in April 1997. 
This enabled the sub processes of each life cycle stage to be identified. It was then 
a matter of collecting data for those sub-processes. Data mainly came from within 
Xerox itself through measurement processes already in place, however some data 
was sought from contractors and specialist operators (e.g. British Airways). The 
following sections describe exactly where data came from and what assumptions 
were made.
The model is currently concerned with one type of machine, the DC 220 (Hodaka) 
which is being manufactured at the UK manufacturing plant in Mitcheldean (see 
previous report for more details). The model uses the planned machine population 
for 1997 in the UK - 2200 machines. This constitutes 22% of the total machines 
being manufactured in 1997 (the remainder are destined for the rest of Europe).
2.1 ACQUIRE
Sub processes of acquire include:
Electronic Manufacturing Centre (EMC) suppliers 
Central Commodity Supply 
Inbound Logistics to Mitcheldean
EMC suppliers
The EMC receives 70 consignments of supplies per week. These arrive as part 
of a ‘round robin’ delivery by a carrier such as UPS. 49 of these consignments 
are from UK suppliers, mainly in the Midlands at an average distance of 150 
miles. 3 such consignments will have flown in from the USA and then be 
delivered by truck to Mitcheldean and 18 consignments come from suppliers in 
Germany, average journey distance of 700 miles. The usual truck size for 
these deliveries is 7.5 tonnes which have an average fuel economy of 18 miles 
per gallon (data supplied by haulage contractor). The fuel used in these trucks 
is standard diesel which has an energy value of 45 MJ per litre (Boustead and 
Hancock, 1981). This figure includes both the process energy and the 
extracted energy in the fuel and therefore provides a more accurate picture of 
the total energy requirement. The standard working year at the UK 
manufacturing plant, Mitcheldean is 48 weeks. Although the whole truck will 
make the delivery to the plant, the Xerox consignment will be co-loaded with 
other companies’ supplies. The average load for Xerox in any one truck 
constitutes approximately 10 % of any one load in terms of volume. However, if 
the truck should make a journey solely to deliver a small consignment to Xerox, 
then the whole energy expenditure of that journey would be attributed to Xerox. 
As these figures relate to the whole production target of 10 000 machines, this 
is then apportioned to the UK plan of 2200 machines for 1997. The air
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freighted consignments will normally be loaded onto passenger aeroplanes and 
for this reason only 20% of the energy expenditure of the plane is attributable to 
freight (British Airways, 1997).
Central Commodity Supply
The Central Commodity Management function records all transactions with 
suppliers to the main assembly processes at Mitcheldean. This part of the 
spreadsheet details the different energy consumption values in manufacturing 
the main types of components in a machine. Within the Xerox accounting 
system these are classified as metals, plastics and electronics. From Boustead 
and Hancock (1981) energy consumption in MJ per kilogram is provided for 
average metal and plastic components. The electronics data is provided by the 
EMC at Mitcheldean which quotes a figure of 8 MJ per electronic component. 
Although these are fairly crude measures of energy consumption for a very 
complex machine, they give a rough indication of energy consumption without 
having to contact every supplier for actual data. This is then factored down for 
22% of total production.
Inbound Logistics to Mitcheldean
The components mentioned above have to be delivered to Mitcheldean. After 
interviews with the Transport Manager at the plant the following data is included 
in the model. Mitcheldean receives twenty-four 32 tonne trucks every day. The 
average fuel economy on these vehicles is 7 miles per gallon (source: haulage 
contractor). Of these 24 vehicles, 7 travel from the UK national warehouse in 
North London, 9 will have come by ship from the Far East, 6 from the European 
Logistics Centre (ELC) in Holland and 1 via air freight (and then from 
Heathrow). There are 250 working days in a year, this is then factored for UK 
production (2200).
ACQUIRE
ASSEMBLYSUPPLIERS
metal 
plastic *■ 
electronic 
cardboard
CENTRAL COMMODITIES
INBOUND LOGISTICS- , ; 
transport from Radlett; Venray,- ' 
Japan,USA Y
Electronics Mfg,Centre Suppliers■ 
.transport from UK/USA/Germahy
2.2 ASSEMBLY
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Assembly includes the energy requirements of certain buildings at the UK 
manufacturing plant. Building 1 contains the main assembly lines for Hodaka, 
Building 4 contains the Electronics Manufacturing Centre assembly lines. It 
was also considered that the rest of the site should be included as support 
services such as the office buildings which house management, fork lift truck 
charging and component manufacture. There is no warehousing with Hodaka 
as each machine is configured to customer order in Building 1. All data is 
actual energy data provided by Mitcheldean Site Management.
ASSEMBLY
BUILDING 4* -  
electrpniGs;assyr
DISTRIBUTEACQUIRE
e^g. management
2.3 DISTRIBUTE
Machines destined for the UK market are shipped direct to the UK national 
warehouse at Radlett. One 32 tonne truck will leave Mitcheldean every day 
bound for Radlett. Packaging has been placed in this part of supply chain 
although it could easily be placed with assembly as the machine is packed at 
the end of the assembly line. There are currently three components to Hodaka 
packaging. The machine is placed on a steel tote, the average weight of which 
is 44 kilograms. These totes have been designed to be completely reusable 
and as such the corresponding energy consumption associated with making 44 
kg of steel tote will reduce over time. However, as it is yet uncertain, how many 
times a steel tote will be reused, it is being treated as a one way package only. 
A foam fitment is added to support the document handler and prevent crushing, 
this is a temporary measure only and will be replaced shortly with a reusable 
cardboard block. Finally the machine is shrink-wrapped using polyethylene film 
to keep it clean and dust free. The energy consumption figures for the steel, 
foam and shrink wrap are sourced from Boustead and Hancock (1981).
DISTRIBUTE
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2.4 INSTALL
The sub-processes of install are:
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Warehousing 
Cross Dock Delivery 
Local Delivery 
Training
Operator Manuals
The machines are stored for a short period of time in the national warehouse. 
The figures for the energy consumption of the heating and lighting of the 
warehouse are actual from Xerox facilities management, they are also 
calculated on space taken up by Hodaka. This is small as the machines do not 
remain in the warehouse for very long as they are practically made to order. 
From the national warehouse, the machines travel overnight to one of five cross 
dock warehouses in the UK (average distance from Radlett -180 miles). Once 
unloaded at the cross dock warehouse, the machines are delivered locally to 
the customer (average distance from cross dock warehouse - 40 miles). When 
the machine arrives at the customer’s premises it will be installed by the 
delivery team who will remove all the packaging. On the same day, user 
training will be delivered by a representative from the local sales office (average 
distance - 25 miles). The trainer will travel in a company car, usually a 2 litre 
diesel car (average fuel economy - 40 miles per gallon. Source: Xerox fleet 
services). Also included in this part of the machine’s life cycle are the operator 
manuals. For this machine, these consist of two paperback, wire spiral bound 
reference books for problem solving. Nokia Mobile Phones have carried out a 
Life Cycle Analysis study on their user manuals which were similar.construction 
and weight, it is their data which is used in this model.
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2.5 WORKING LIFE
There are several sub processes associated with the working life of the 
machine.
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Use
Servicing 
Spares delivery 
Consumables use 
Consumables delivery 
Consumables manufacture
At the most simple level there is the energy consumption of the machine itself 
while it is working. However, the average working day of 8 hours must be 
divided into time that the machine is actually working, time that it is in power 
saver mode and time that it is in sleep mode. The exact times and power 
consumption figures have yet to be confirmed by the Xerox Technical Centre. 
The data currently being used in the model is the actual energy consumption 
while the machine is working which is 5 MJ per hour. This gives a figure which 
can be expected to reduce once power down time is calculated.
Servicing is quite a complex operation as there are several different types of 
service engineer calls. There are a number of calls which are scheduled and a 
number of calls which are unscheduled, from the service plan for Hodaka, these 
stand at 63 calls per million copies that the machine makes. This is a high 
number as the machine is new, the service engineers are learning about the_ 
machine as is the customer. This number is expected to reduce to around 40 
over the next two years. The average Hodaka is expected to make 7000 
copies per month (equates to one call every 2 months). The average distance 
travelled for an engineer in the UK is 25 miles to the customer’s premises. This 
also is expected to reduce over the next few years as more service engineers 
become trained to service Hodaka. Engineers work out of vans in which they 
maintain a certain amount of spare parts. However, they will, on average, 
replenish this level of spare parts every week. The average distance to a 
replenishment point in the UK is 50 miles as there are currently only 35 service 
engineers trained for Hodaka (there are 50 satellite warehouses which currently 
carry Hodaka spares). The delivery of spares is included with the delivery data 
for consumables (see below).
Another servicing factor is a situation called broken call rate. This occurs when 
the service engineer makes a call to a machine and finds that he does have the 
spare part required in his van. This means that he will travel to the 
replenishment point and back to the customer to correct the fault with the 
machine. On the service launch plan for Hodaka these are calculated at 6 
broken calls per million copies. This approximately equates to 1 such call per 
machine every 2 years. If the service engineer is unable to fix the machine, he 
will call the national technical specialist. Most of the problems are able to be 
addressed by telephone, but the technical specialist will make 2 calls per month 
of approximately 75 miles to the Hodaka field population in the UK.
Hodaka also uses consumables in its working life. This is a Xerox classification 
which includes items such as paper, toner, toner cartridges, fuser rolls and
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photoreceptors. Many of these will be fitted by the service engineer, but some, 
such as the paper and the toner will be replenished by the customer. As 
mentioned above the planned average copy volume per month is 7000 copies 
per machine. This equates to 14 reams of paper used per month. Paper 
manufacturing consumes 85 MJ per kilogram of product. The delivery of paper 
is included in the calculations for the delivery of toner cartridges. Toner 
cartridges for Hodaka are manufactured in the Dutch manufacturing plant. The 
toner cartridge factory there will use 25% of its production capacity for Hodaka 
cartridges and will manufacture 450 000 cartridges in 1997. The energy 
consumption for manufacturing each toner cartridge is 0.66 MJ. Each machine 
is expected to use 3 toner cartridges per year. The toner cartridges are 
shipped from Holland to the UK national warehouse in bulk and are then 
delivered on customer request to the customer by Securicor. Securicor also act 
as shippers for many different companies and so it is estimated that 1% of each 
200 mile trip to a customer’s premises is attributable to each Hodaka cartridge. 
Data has not yet been gathered for toner bottles, fuser rolls or photoreceptors.
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2.6 REMOVE/RETURN
The scenario described above for the working life of the machine may continue 
for several years depending on customer requirements. However, once the 
customer has finished with the machine, Xerox will remove it for asset recovery. 
For the purposes of this model, this part of the life cycle has been factored in as
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reverse logistics. It is returned the same way that it was delivered. This is 
generally the case, but it may be a slower return journey than outward journey 
and some old machines may return directly to Mitcheldean and not via the UK 
national warehouse. There may also be some extra packaging involved in this 
return journey, but as yet this information is not available.
PICK UP'FROM 
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2.7 ASSET RECOVERY OPERATIONS
Asset Recovery Operations (ARO) for Hodaka are carried out at Mitcheldean, 
the UK manufacturing plant. Old machines are returned from the field and 
classified according to the amount of rework required. As Hodaka is a new 
machine, it is expected that very little rework will be required before they can be
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sent back out into the field. Hodaka is planned to take up very little of ARO’s 
overall capability and so will only require re-painting and cleaning. These are 
the two main activities of ARO in terms of Hodaka. The consumables used are 
paint and cleaning fluid and the energy consumption data for the manufacture 
of these is quoted in monetary value of the product (from: Energy Use and 
Energy Efficiency in UK Manufacturing Industry to the year 2000, 1984). The 
delivery costs for these consumables are also included.
ASSET RECOVERY OPERATIONS
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3.0 Preliminary results
From the data above, it is possible to construct the graph shown below.
Energy Consumption in the Life Cycle Stages of 2200 
Multi-function Digital Copiers
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The graph shows that the largest energy consumption occurs during the life of the 
machine. By referring back to the spreadsheet, it is apparent that the bulk of this 
energy consumption is due to the machine itself. However, this number is higher 
than it should be due to power down modes and times not being accounted for at 
present (see above for further explanation). Another large energy user in this part of 
the machine’s life is paper consumption. Both the manufacture and the distribution 
of paper are energy intensive activities and this is reflected by the graph above. It is 
expected that this figure will come down as the problems with the current data set 
are resolved. As the graph also indicates, acquire is another large energy factor in 
the life of the machine. Again, by referring to the associated spreadsheet, it can be 
seen this is attributable to the sourcing and subsequent delivery of components and 
materials to the manufacturing plant. However it should be observed that the parts in 
machine are working over the whole of its life. Therefore this part of the 
environmental impact of a machine should be divided by the number of years the 
machine is in operation. However, this represents a problem with Hodaka as it is 
designed to be upgradeable at the customer’s premises to meet future as well as 
present needs. Currently it is difficult to estimate the working life for.Hodaka in 
years. This will be resolved with further discussion with the marketing and servicing 
teams as more becomes known about how Hodaka behaves in the market place.
When fully expanded to include all the environmental common denominators shown 
in the matrix above, it is possible to identify ‘hot spots’ of environmental impact within 
the integrated supply chain which can be targeted and improved. The actual data 
contained within the model is particularly useful for identifying the ‘hot spots’ of high 
energy consumption or low materials intensity. However, the real strength of this 
decision making tool comes when planning future strategies or assessing different 
manufacturing or product delivery scenarios. In this way different scenarios can be 
run which highlight changes in the ‘hot spots’ of environmental impact or affect 
overall values. For example, a decision can be made regarding currently ambiguous 
situations, e.g. the life cycle cost of different servicing strategies. Decisions such as 
these are currently being made at Xerox without access to the whole picture. This in
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no way suggests that current decisions are the wrong ones, but that this is uncertain 
from an environmental perspective due to the lack of effective measurement tools. 
The diagram below shows how the environmental performance metric acts as the 
bridging mechanism between the main elements of the supply chain so that they are 
not treated in isolation and environmental impacts are not seen as only a 
manufacturing issue for example. Underneath each of the main elements, some 
environmental initiatives are shown, these are distinct from each other and provide a 
measure of environmental performance only to that element of the supply chain. The 
Xerox Environmental Performance Metric will provide a single indicator of 
environmental performance thus uniting all functional elements within the supply 
chain.
XEROX ENVIRONMENTAL PERFORMANCE METRIC
MANUFACTURING SUPPLY CHAIN
EMAS/ISO 14000 Packaging Free Products
Waste Free Factory Transport loading rates
Supplier Programmes 
Asset Recovery Ops.
4.0 Next steps
The immediate next steps in this project are to resolve any data issues that currently 
exist. Those issues have been raised in this report and their solution is under way. 
The matrix will then be populated with data for the other environmental common 
denominators (material intensity, pollution, finance). This final part of the project has 
been planned quite carefully and is summarised by the following pages. The stages 
for these next actions have been broken down and are timetabled on the Gantt chart 
and calendar. The calendar allows resources to be allocated and actions to be 
prioritised on a week by week basis.
CUSTOMER
ISO 14000 
Waste Free Office 
Toner cartridge recovery
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S ection 1: Introduction:
On the 9th January 1997, it was decided that the focus for this research should be 
honed down to one product. This will enable the RE to look horizontally across the 
whole supply chain while reducing the amount of information to collect. Criticisms 
have been made against simplifying complex organisations to this level and treating 
supply chains as single product manufacturers and shippers, but with a portfolio of 
several thousand machines and several hundred thousand associated ancillary 
goods in the Rank Xerox supply chain, it was decided to use Hodaka as a case study 
product which typifies the way in which the Rank Xerox supply chain is developing 
into the future.
Hodaka (the pre-launch name of this product) is described in detail in section 2 of 
this report. This machine was chosen in particular because it is being launched now 
across Europe and the support services for it are currently under development. This 
means that the information about this product is readily available and ‘fresh’ in 
people’s minds. This is an important consideration as it can'take a very long time to 
retrieve information from archives. As the services for this product are being 
developed this is an ideal time to insert environmental considerations into the 
decision making process, rather than attempting to do.it in retrospect after the horse 
has bolted. The group of managers working on the project are already 
environmentally receptive and are open to new decision making processes.
The Hodaka Business Channel is the new view through delivering the product to the 
customer from the pre-product design stage when the platform for the product and 
the technology required to support that product are being defined. The whole 
process is aimed at maintaining a clear line of sight to the customer and is very 
customer oriented. This is good driver to use when persuading management that the 
environment should be incorporated as a decision making tool. The process is 
designed to be more responsive to changing technologies and customer 
requirements, to extend the product sales life and to increase market share. The 
initiatives of the Time To Market (TTM) process shown below have been derived 
from benchmarking exercises against industry leaders’ best practice.
Metrics
Technology &# I IIVI \  Breakthrough
Information I PfOCeSS Jlmprovement 
I Systems y /Projects
Skills Development
Source: Rank Xerox M&SC, 1997
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All new programmes and processes in the Rank Xerox Manufacturing and Supply 
Chain will follow this new process which is training and skills development oriented. 
The emphasis is placed on the front end (the platform definition stage) and the back 
end (delighted customers) to strengthen the connection with, and feedback from, the 
marketplace and customers. This is a new way of looking at product delivery and is 
a good example to use as it has been designed to work for the future too.
However the team working on this project in the company have identified that the 
metrics currently available to them do not provide the sort of decision making drivers 
that they want. Environment in particular was identified as an area of poor 
understanding and representation in overall metrics. It is at this point that the 
environmental performance metric under development in this research project was 
offered to this team. Therefore the boundaries for this project are defined as follows: 
using a single product, Hodaka, the project scope includes all processes in the 
supply chain shown in section 2 throughout its distribution in Europe. It takes the 
acquisition aspect down to the top level of suppliers and uses information from the 
supplies organisation to cover ancillaries such as toner, paper etc. These 
boundaries are further detailed in section 2 of this report.
Section 3 updates the literature review which has so far examined the bodies of 
literature concerned with environmental business management, environmental - 
performance measurement, how the environment impacts the supply chain and how 
supply chain processes impact the environment. This part of the literature review 
process now extends to include the current discussion on logistics performance - a 
growing area of interest for many practitioners, and how supply chains are proposing 
to make themselves ‘greener’. The review concludes that there are two diverging 
camps in the discussion between improving logistics performance and greening 
supply chain organisations, as the way they are presented in these papers is not 
compatible. Improving logistics performance is focused only on the reduction of time 
and cost - a very short term view and not aimed at reflecting all the costs associated 
with a system or trying to understand them. The ‘greening’ of supply chains however 
is presented as an information intensive, transport focused process with some 
reference to including all the costs involved. This report has shown that not only is 
logistics a developing subject area, but the understanding of where the environment 
fits into that organisation is in its very early stages. The diagram below shows some 
of the advanatges and disadvantages of these two diverging positions and how this 
project aims to amalgamate the advnatages to produce and environmentak 
performance metric which will yield short term metrics in a long term context.
This report at the 30 month stage sets the scene for the next 18 months of this 
research programme. In the context of the developing logistics performance debate 
and the recent ‘greening’ proposals, this research project, with its key function of 
providing an environmental performance metric to the supply chain, is at the forefront 
of current thinking on logistics.
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N e x t  S t e p s :
The metric mentioned above and throughout this report is currently in its preliminary 
development stages, but has not been included in this report for more logical, 
chronological reporting of progress. However, a report on its development will be 
included at a later stage in this portfolio.
• Develop matrix which will lead to the overall environmental performance 
measurement
• Decide which environmental common denominators will be used (this process will 
be discussed in the next report)
• Gather information for inclusion into the matrix
• Work with Hodaka Business Channel organisation to understand what they 
require from the environmental performance measurement and how it will add 
value to their Time To Market process
• Identify how to relate the environmental performance measurement to the 
corporate priorities of customer satisfaction, employee motivation and satisfaction, 
market share and financial results.
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Section 2: H o d a k a  - T h e  s a m p l e  p r o d u c t :
In t r o d u c t io n :
Hodaka is part of the new generation of digital photocopiers and multi function 
devices that Xerox are moving into. At its most basic level, it is a black and white 
copier but it offers improved functioning over light lens, analogue copiers with a 
scanning capability which means faster production of copies, a shorter paper path 
reducing the likelihood of jams and the ability to upgrade with fax, scanning and 
printing modes.
The machine forms part of the convenience copier product portfolio of the Office 
Document Product Group (ODPG) and is due to begin launch in April this year. It will 
use existing support strategies for the Document Centre Systems 220 and 235 
including digital engineering skills and the Customer Support Centre.
Touch" Screen 
Interface:-'
Left Hand Output 
Tray . •
To the basic configuration shown above, the following options can be added: 
convenience stapler/work surface, fax, finisher (stacker/stapler), high capacity 
feeder, 2 additional paper trays. The system can also be fully networked and is 
compatible with all common network systems currently in use. The software used 
with Hodaka enables the customer to interface with the machine from their desks, 
eliminating unnecessary steps in document production when sending a fax for 
example.
The Customer Replaceable Unit (CRU) contains the toner, photoreceptor, developer 
housing with toner and the xerographic charging and cleaning components and is
TE
-smmm.
Duplexing~Document 
Handler/Scanner. r
Centre Output Tray,
Bypass Tray
2 Standard Paper
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easily replaced by the customer without the need for a service engineer. The 
cartridges are expected to last for approximately 20 000 copies with a 5% paper 
coverage. After use they will be returned by whoever removes the cartridge for 
remanufacturing and reuse.
The aim of the Hodaka digital copier is to deliver benchmark customer satisfaction, 
increase market share, accelerate market acceptance of digital products and prepare 
the current Xerox copier base with the ability of future upgrades to printing, scanning 
and faxing modes.
Hodaka is available in two copies per minute speeds - 20 and 30, the bigger ‘brother’ 
in this convenience copier/multi function device family is the Lakes programme which 
take copies per minute up to 40 and 65. Both of these machines are able to be 
configured to exact customer requirements and are intended to ‘grow’ with the 
customer’s needs.
M a r k e t in g :
The aim of the marketing strategy behind Hodaka is to use the standalone copier as 
an entry level product in offices where computers and networks are used and then 
utilise this platform to provide upgrades into the printing, scanning and faxing 
facilities. To this end, software functionality will be improved to capture increased- 
page volume, this will differentiate the product from competitors and should create 
demand-pull from the customer.
The market place in general is driven by an increasing need for integrated, 
multifunction devices. The competition have already moved into these type of 
devices but they are tactical and not supported by long term strategy in the form of 
modular upgrades. This market is highly competitive with over 10 major companies 
vying for business. However Hodaka combines the dependability of a laser print 
engine with the full functionality of a copier, many of the other products are not able 
to do this.
P r o d u c t  L if e  C y c l e :
Hodaka is built at the UK manufacturing plant, Mitcheldean. It will be built to a 
standard modular level and then assembled according to each specific customer 
order in terms of capabilities required (fax, print, speed options etc.) and country of 
destination (nationalisation). The whole process is aimed to be ‘build to order’, to 
minimise' order to install times and reduce customer response times.
Acquire:
Parts, whether new or remanufactured will come from quality certified suppliers either 
internal or external. All parts will be process qualified or certified. At this stage time 
is very important, the aim is to reduce the quantity of stock held and improve on-time 
deliveries.
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Module Build:
Hodaka will be assembled in a different way from previous products. The products 
will be built to a modular design, each module will be quality tested using failure 
mode effects analysis (FMEA). All processes involved in building the modules will 
becertified. Customer orders will be directly fed into the assembly stage of the 
process. These build processes have been implemented to allow future 
decentraJisation of the final configuration, implying even faster response times as the 
machines are customised much closer to the final customer. Labour flexibility is very 
important at this stage so that staff working on Hodaka are able to respond rapidly to 
any order which arises.
Distribution:
Mitcheldean will distribute fully configured machines directly to the UK warehouse at 
Radlett for the UK market and to the European Logistics Centre in Holland for the 
rest of Europe. The time from the order being generated to the machine being 
installed is intended to be 3 to 10 days depending on the location of the customer. 
The packaging used will be the reusable steel tote system developed by Rank Xerox 
for most of Europe or wooden pallets to the Middle East, Africa and Eastern Europe 
where return rates on the reusable pallets cannot be guaranteed. Delivery processes 
have been improved to increase load planning efficiency and eliminate in transit 
damage. -
Install:
The Hodaka Business Channel is intended to result in 100% faultless installs 
through local turn around processes and centred accountability lines. This will be 
achieved by working in closer partnership with engineering teams at the actual install 
and through more rigorous statistical process control before the machine leaves the 
manufacturing site. This should reduce the amount of time that an engineer spends 
at the customer premises and the number of return calls made within the first month.
Life:
Hodaka has been designed to reduce faults occurring during its lifetime with the 
customer. The shorter paper path should result in less jams, the customer 
replaceable unit (CRU) as detailed above contains many of the parts in the product 
that have shorter lifespans, by replacing them all together the likelihood of faults 
developing in the meantime should be reduced. This is intended to increase 
customer satisfaction with the machine, i.e. that there is as little downtime as 
possible. A new process has been developed to deliver, replace and return the CRU 
to Rank Xerox for remanufacturing. The customer replaces the CRU themselves 
and the engineer collects on the next service call or bulk collections can be made. 
The CRU has a high residual value and this will motivate the engineer to collect the 
CRU for return. Service support will be predominantly through the Customer 
Support Centre who will detail an engineer to call within 2 hours for either a software 
or hardware problem. By using direct engineer replenishment (parts are delivered 
direct to the engineer from the European Logistic Centre) with some second level 
local parts support, the number of broken calls are expected to reduce. This will 
negate the need for return calls by the engineer.
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Remove and Return:
Machines which have reached the end of their useful life to the customer will be 
removed by the business unit engineering teams. The machine will be loaded onto 
a returnable pallet and returned to Mitcheldean, either directly or via the European 
Logistic Centre, for remanufacturing. Rank Xerox would expect to retrieve the 
majority of machines placed in the field but it is difficult at this early stage to predict 
when and in what quantities machines will start returning.' This is especially the case 
with Hodaka as it is intended to be upgraded in the field thus extending its life with 
the customer.
Asset Strip and Reprocess:
The Asset Recovery Organisation (ARO) will use existing processes and logistic 
configurations to recover Hodaka from the field. Hodaka has been designed for 
disassembly and in a modular family. Modules will be separated and 
remanufactured ready for entry into the acquire process of the life cycle.
These are the top level processes through which Hodaka will be built, delivered, 
used and returned. As discussed in the introduction, the next steps are to ‘flesh out’ 
these processes with actual data from which the environmental performance matrix 
can be constructed. This work is already underway.
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S ection 3: Literature Review:
This review of literature builds on previous reviews by extending the area of 
academic literature under investigation. Reviews in preceding reports have 
examined the bodies of literature concerned with environmental business 
management, environmental performance measurement, how the environment 
impacts on the supply chain and how supply chain processes impact on the 
environment. This current literature review builds on earlier work by expanding the 
enquiry into state-of-the-art supply chain performance metrics in general and how 
supply chain organisations are currently proposing to become ‘greener’.
Consequently there are two main sections in this review: Logistics performance and 
greening supply chains.
Lo g is t ic s  P e r f o r m a n c e :
‘Logistics is the process of strategically managing the procurement, movement and 
storage of materials, parts and finished inventory (and related information flows) 
through the organisation and its marketing channels in such a way that current and 
future profitability are maximised through the cost effective fulfilment of orders’ 
(Christopher, 1993).
Caplice and Sheffi (1994) recognise that the environment in which supply chains 
operate is changing rapidly. In order to accommodate this change, those managing 
the firm need adaptable and accurate performance metrics. However the authors 
state that there is no need to create new metrics as the critical elements of logistics 
management remain the same - time, distance and money. Therefore Caplice and 
Sheffi recommend that firms revisit their performance systems and evaluate them 
anew. This is what is currently happening at Rank Xerox with the Hodaka business 
channel except that it is currently very difficult as those metrics already used are not 
suitable for the incorporation of environmental performance. The metrics already in 
place can be used as subsets to an overall measure of environmental performance 
and this is the intention of this research. In this way, individual, function specific 
metrics are the building blocks of a measurement system (Caplice & Sheffi, 1994).
A good metric according to the authors is one which has the following qualities: 
validity by reflecting the actual process being measured, robustness in being widely 
accepted, usefulness if it is easily understood, integration if it promotes co-ordination 
across functions, economy by adding more value than cost, compatibility with 
existing information and systems, the level of detail must be sufficient and 
behavioural soundness in that it aligns people’s actions with the organisation’s 
objectives. However, the paper does mention that it is sometimes not possible to 
incorporate all these criteria into one metric and trade-offs have to be made.
This is a useful paper as it confirms reasoning used in this research that it is better 
to use cross functional metrics in a complex organisation with many different
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functions. Therefore it suggests that there are three primary measurement forms - 
utilisation (of input), productivity (input divided by output) and effectiveness (output). 
These would reflect thus for environment: Utilisation would indicate how many 
resources were being used, productivity shows how well those resources are being 
used and effectiveness would show how well those utilised resources performed in 
their intended role i.e. as a photocopier. However these are very generic top level 
measurements which would not necessarily be very conducive to measuring 
environmental performance. Many sub level measurements would need to be taken 
to make these metrics work.
New and Payne (1995) point out that there are a certain set of difficulties with 
research into logistics. There is a trade-off to be made when studying logistics; 
technical progress is only made through rigorously concentrating on a small area . 
however in order to have maximum managerial impact, the area of study is large, 
complex and possibly ambiguous. Work is of little value to an organisation if it is too 
simplistic, but conversely it is difficult to reach conclusions if the full extent of 
complex situations is incorporated. This has been recognised in this research into 
supply chains and it is for these reasons that this study takes a horizontal view 
across the organisation with only one product. This methodology then includes all 
functions whilst reducing the complexity. These authors think that soft measures are 
as hard measures and this is certainly true for the environmental impacts of supply 
chains where the local community around manufacturing sites and distribution 
centres is as important as the energy used or the emissions produced by that site for 
example. They also mention that reliable data is very important, in this respect the 
RE is very well placed and the product under question was chosen deliberately 
because its support processes are currently being planned and the information is 
fresh in the managers’ minds.
Variety in a control system is the most important criterion when managing a system 
which has a huge number of possible states - exactly the case in supply chain 
organisations (Cooper & Griffiths, 1994). This is due to a number of issues most of 
which are applicable in this study at Rank Xerox. There is a lot of product 
proliferation, transnational companies have focused production and serve markets 
around the world, the cost of holding inventory is very high and consequently Just- 
In-Time (JIT) is used. Reducing inventory in this way has a positive effect on cost, 
but customers are ever more remote and expect faster and more reliable delivery. 
These observations made about the current state of logistics are indeed true for the 
Rank Xerox supply chain which is reacting positively to these stimuli. The challenge 
for this study is to interject environmental considerations whilst allowing the 
organisation to adapt to changing market forces.
Cooper (1991) believes that there is a paradox for logistics in Europe and that we 
are currently in a state of rapid change. Free trade is increasing, yet there are still 
fragmented markets in eastern Europe leading to a dichotomy of unification and 
diversification. Demand side logistics has come into being with companies dictating 
terms to suppliers; This has been encouraged from the environmental perspective 
with EMAS (Eco Management Audit Scheme) which requires environmental 
management principles to be pushed back to suppliers. Cooper (1991) predicts that
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the future will bring increased competition from Japan and the USA and new 
challenges in the form of the environment and Eastern Europe. The Rank Xerox 
supply chain as mentioned above and in previous reports is also in a state of 
change; standardising management systems across Europe whilst still trying to 
remain as flexible as possible to allow for rapidly changing customer needs.
These sentiments are echoed by Braithwaite and Christopher (1991). Production 
has become centralised but the markets are not homogenous and local variety is 
required whilst maintaining the advantage of standardised global production. The 
complexity of the logistics task is increasing exponentially with the extension in the 
range of products, shorter lifecycles, marketplace growth, the number of market 
channels, takeback of end of life equipment and value added services. The graph 
below shows some of the trade-offs involved in global logistics.
Degree of Globalisation 
Production/Sourcing/Marketing
Cost
Global
■Transport
■Inventory
■Materials
■Production
Source: Braithwaite & Christopher, 1991
The authors foresee a rise in air freight as supply chain costs are understood, this is 
something that the environmental performance metric (EPM) under development in 
this research aims to discourage. This comment is a classic example of short term, 
cost focused decision making. However, integrated freight modes are mentioned 
which would encourage rail transport, entailing an improvement in environmental 
performance. ‘Knowledge engineering’ is deemed to be of importance to simplify the 
vast amount of information currently available which confuses decision making, yet 
the visibility of material flows, inventories and demand is very important. It is for this 
reason that the EPM being designed will be simple to use; a lot of background 
information will contribute to a set of top level metrics which are able to reflect 
corporate values and priorities.
As this literature review has already established, the over-riding message about 
logistics at the moment is that demands from customers in terms of product, 
production and delivery are more stringent than ever. Ploos van Amstel and 
Verstegen (1991) concur with this viewpoint and offer a ‘total logistics concept’ as a 
solution to these increasing demands. Their paper outlines an integrated 
management concept and a framework for a co-ordinated plan of action. Using the 
new business channel view, Rank Xerox is attempting to do the same, developing a
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clear line of sight through all design, build, deliver, use and return processes. The 
EPM will dovetail neatly into this strategy, providing a clear insight into where 
impacts are arising or may arise in the future.
Chow et al (1995) maintain that improving effective decision making across firms will 
have many implications. These authors put forward a framework for research into 
organisational issues in logistics which outlines the steps in defining organisational 
properties in order that research results may be compared. They have identified 
four structural properties: centralisation, span of control, scope and formalisation. 
Integration is treated as a product of organisation structure, not as a property of it. 
Although the ideas set out in this paper are good ones, they are rather restrictive 
and more applicable to those researchers trying to work out how supply chains are 
operating rather than incorporating new dimensions in the supply chain as this 
research is attempting to do.
On a more specific note, Narus and Anderson (1996) advocate more flexible and 
responsive channels as a means to reducing cost and improving productivity. 
However their case study extols the virtues of using air freight to meet customer 
demand and this is something that the EPM may shed a different light on by 
reflecting all the environmental costs in transport modes chosen. However, the 
authors do encourage the use of information sharing to greater productivity and 
profit, the EPM will mean that managers with a greater range of information available 
will be making more informed decisions.
Logistics is not just about lifting and shifting, claims Christopher (1993), but has an 
important contribution to make to competitive advantage. Logistics has the 
advantage of cutting across traditional functional boundaries and being able to 
provide an integrated concept. Christopher also mentions that there is a debate 
currently underway as to whether it is better to take a vertical (or functional) focus in 
the firm or a horizontal (or process) orientation. For the purposes of this 
investigation into the Rank Xerox supply chain, a horizontal orientation is being used 
in order to get a product lifecycle view across all functions in the organisation. 
Interestingly, Christopher in this paper, also remarks that customer service 
requirements can only be accurately determined through research and competitive 
benchmarking, this is a view to which Rank Xerox subscribes and this study plays an 
important role in that process.
In 1994, Cooper provides an overview of logistics into the 21st century. He 
proposes that planning and forecasting will be very important, if somewhat difficult. 
To echo other statements reported in this literature review, markets are fragmenting, 
lifecycles shortening and greater degrees of customisation are both possible and 
offered. Until the 1970s products were pushed down distribution channels to the 
customer, during the Eighties systems became driven by customer needs and this 
demand pull logistics continues into the 1990s. For the new millennium, logistics will 
move into flexible fulfilment, customising to the exact terms of product configuration 
and service. This is a good summation of what is currently happening at Rank 
Xerox. Forecasting, particularly in terms of the environment and society is deemed 
to be of importance for the future and the EPM aims to deliver the type of scenario 
modelling capability required to accurately reflect market trends. As Cooper
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highlights, uncertainty can lead to the inefficient use of time in logistics. This 
becomes especially important when companies start competing through time in 
order fulfilment. Therefore ‘smarter systems are needed to simulate modelling 
approaches to test new designs thoroughly at the conceptual stage’. This is 
particularly pertinent in terms of the environment where it is important to identify the 
impacts resulting from a course of action before damage has occurred.
Bytheway (1995) discusses the role of information in supply chain development and 
mentions that the combination of measures is dependent on the level of intended 
improvement. He also says that the role of information in supply chain improvement 
is not just about cost reduction, it can also be about improving merchandise flow, 
successful outsourcing, Kanban manufacturing (sell one, make one), JIT 
manufacturing, forecasting and accurate response, order fulfilment time, activity 
based costing or balancing trade-offs. The EPM aims to reflect environmental 
considerations in this type of supply chain information.
In order to ensure that all the most recent performance measurement discussion has 
been included, this review is extended to include some recent papers which discuss 
more general business performance measurement. Doyle (1994) states that there is 
an over emphasis on profitability in measuring corporate performance and that this 
leads to organisational instability by minimising expectations, concentrating on the 
short term and return on investment. Single measures like profitability measure ' 
performance from the perspective of one stakeholder only (the shareholder). Other 
main measures such as market share, shareholder value, acquisitive growth, 
employee satisfaction involve trade-offs with each other, as they are not compatible. 
Doyle continues to say that companies whp concentrate on being excellent in one 
performance measure run the risk of disequilibrium and that the company needs to 
establish a ‘tolerance zone’ to meet as many stakeholder expectations as possible 
without causing conflict. These comments are reflected in the design of the EPM 
where the key corporate values are weighted according to the intentions of the 
organisation at that time. In this way, a proliferation of measures which do not have 
relevance to other stakeholder groups is not created, but the environment is mirrored 
in those stakeholders’ values.
Harrison and Pelletier (1995) highlight the fact that a few strategic decisions are 
more important than making many decisions. They define strategic decisions as 
those which have an external orientation, using the whole of the organisation as a 
unit of.analysis, being multifunctional in character, providing direction on activities 
throughout the organisation and is of critical importance to the success of the 
organisation. Strategic decision success is a function of two managerial attitudes: 
towards the decision making process and then towards the decision itself. These 
attitudes are dependent on the attainability of the objectives and the openness of the 
process. The authors maintain that a formal decision making process is conducive 
to successful strategic decision outcomes, however this could be restrictive at the 
early stages of decision making when creative thinking is required. Certainly, the 
characteristics defined above help to show organisations where the value is added 
by taking that decision, this, in general, helps with understanding why some 
decisions are acted upon and why some are not. Hastings (1996) supports the view
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that purely quantitative measures do not reflect the aim of the company, as they 
reward short term value creation, not long term effect. He says that strategy needs 
to be evaluated using a hybrid of techniques which can deal with quantitative, 
qualitative and intangible criteria. This type of combination measure typifies the 
EPM which will incorporate specific technical information with qualitative measures 
such as customer satisfaction and more intangible criteria such as future social 
change. Brown and Laverick (1994) continue with much the same criticism that 
what is currently used is ‘yesterday’s performance measuring yesterday’s decisions 
and that what is needed are measures that provide today’s decisions which will 
benefit tomorrow’s performance’. The EPM expects to address this issue by 
including many of the points brought out above.
The next section of this literature review extends the business measurement theme 
further by discussing papers on ‘green’ business measurement not yet reviewed in 
the context of this study. Bebbington et al (1994) ambitiously discuss the meaning 
and implications of sustainability on accounting and how sustainability is constructed 
and understood by the business community. They identify that sustainability and 
accounting are connected through systems theory - i.e. that there are financial 
implications of environmental pressures and that the development of full cost 
accountihg and pricing has an important role to play here. Another connecting factor 
is the social contract between business organisations and society and the role of 
accountancy in establishing organisational legitimacy, responsibility to the 
environment and stakeholder theories and satisfied needs. The authors also 
mention that accountancy can act as a scorekeeper, but that it has not yet achieved 
this role for the environment. They do not offer any practical answers to these 
issues, but mention that the incorporation of the environment into accountancy may 
help managers to decide whether they are moving away from or towards 
sustainability. The EPM should certainly help Rank Xerox to know what their 
position is. One of the main corporate drivers for this environmental measurement 
system is to be able to stand up and say how well (or not) the supply chain is 
performing in terms of the environment. This adds to those areas identified above 
such as stakeholder needs and organisational legitimacy.
Another paper discussing the role of management accounting and the environment 
has been written by Milne (1994). Again he points out that formal decision analysis 
and traditional management accounting neglect the social costs and benefits of 
corporate activities. Management are under pressure to provide this type of 
information to their stakeholders, but specialist information on the environment is 
unfamiliar to accounting systems. Conventional accounting and traditional 
economics consider preference indicated by willingness to pay and as Milne (1994) 
points out, this is a rather exploitative approach to natural resources. Therefore he 
suggests using environmental impact analysis and cost benefit analysis to deal with 
the social and environmental externalities, however these do not help with internal 
decision making. Total Impact Accounting, on the other hand, is able to incorporate 
these factors by extending business information systems to include environmental 
considerations using ethical and environmental audits and resource flow input/output 
analysis. These ideas sound fine in principle except that they are too 
anthropocentric to truly reflect the environment and there are no suggestions how 
management would be able to use the information that they would generate.
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Azzone et al (1996) think that environmental performance indicators are particularly 
important due to stakeholders demanding environmental improvement and then 
proof that the improvement has actually happened. These authors state that 
indicators come in four categories: the state of the environment, corporate 
environmental policy, environmental management systems and products and 
processes evaluated by an eco balance. These are useful categories to keep in 
mind when putting together an external report for example, but having a policy or an 
environmental management system does not necessarily indicate that one process 
is any more environmentally sound than another. Of particular interest in this paper, 
are the authors’ recommendations for an eco balance analysis. This is similar to the 
concept of environmental auditing and certain aspects of LCA, a structured method 
for reporting physical inflows and outflows of resources, raw materials, energy, 
products and waste occurring over time. There are three main components in this 
eco balance methodology: the company balance details all energy and materials 
used, the process balance gives an overview of the resources and energy used in 
production and the product balance assists management in assessing the 
environmental impact of the product. These theoretical recommendations are of use 
when considering the design of an environmental performance measurement as is 
the case in this research. However, the actual usefulness of their overall system is 
not apparent and there are no suggestions as to how the information will be 
managed by the system.
Brown et al (1996) are of the opinion that environmental management systems 
provide the private sector with an initial framework for instituting an internal 
management structure that allows companies to meet environmental management 
goals. However this consists of skeletal guidance only and in order to plan for long 
term competitiveness, companies should look beyond standards’ frameworks to the 
available quantitative tools used to gauge environmental performance. Certainly this 
would be the case for Rank Xerox and this is why the supply chain requires a 
different measure of environmental performance other than an environmental 
management system. The authors of this paper propose a system called Life Cycle 
Stressor Effects Analysis which expands on Life Cycle Analysis through an iterative 
process designed to analyse the significance and uncertainty of environmental 
effects. By using this stressor approach, the system will look for effects which 
trigger a multitude of effects afterwards. This type of ‘prime mover’ analysis is very 
interesting from a supply chain perspective where there are many interlocking 
systems which have large knock-on effects through the organisation. However, it is 
difficult to imagine the system, as explained in this paper, working in practice. The 
stressor effects networks ultimately result in data such as number of fish killed.
These metrics are not always relevant to decision making in a company trying to 
improve its environmental performance and communicate that to its stakeholders, 
neither can they be aggregated to provide an overall picture of environmental 
performance without going into too much detail.
Although many companies have environmental management strategies, they have 
done nothing about integrating them into management decision making, says 
Epstein (1996). No company has yet designed a comprehensive system for
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integrating environmental cost into all management decisions. Epstein is sure if 
environmental costs continue to be placed in overhead accounts and be spread 
across facilities and products in an arbitrary manner, then the causes of those costs 
will remain obscure. Therefore, he suggests that activity based costing can define 
which processes and products cause environmental costs and then strategies can 
be developed to deal with them. Product prices should include the current costs of 
past impacts, current costs of current impacts and future costs of current impacts. 
Like many recommendations reviewed in this report, problems are foreseen with the 
actual implementation of this accounting procedure. Where are the drivers for 
environmental change in this system? A company would find it very difficult to 
include the environmental costs in the actual product price to the customer and so 
where is the actual value in knowing the full environmental cost? It would be hard 
for a company to show improvement on a year-on-year basis from this sort of metric.
G r e e n in g  S u p p l y  C h a in s :
The last section of this review examines work recently published on the ‘greening’ of 
supply chains. Logistics is a developing subject area, but practitioners are already 
realising that the environment is important for supply chain organisations too. As 
Penman (1994) points out there have been considerable environmental 
developments within certain discrete elements of the supply chain, but the danger 
lies in viewing any of the aspects in isolation. There is a need to look strategically 
beyond the immediate environmentally-driven aspects of supply chain management. 
Penman continues to propose that true economic and environmental costing is 
required across all supply chain functions. This paper is very transport focused, yet 
doesn’t deliver any concrete conclusions of whether JIT delivery is better or worse 
than large inventory holding from an environmental perspective. However, the 
author does mention that the environmental costs and benefits of recovery and 
recycling of goods and materials have to be carefully weighed up before committing 
to a particular course of action. The aim of the EPM for Rank Xerox is to give a 
wider view across the whole product delivery process from design to use and return, 
as this author suggests manufacturing and delivery is only one part of the whole. 
Cooper et al (1992) on the other hand, maintain that the transport and storage of 
goods is at the centre of any logistics activity and that these are where a company 
should concentrate its efforts to reduce its environmental impacts.
These authors are clear on the actual environmental impact of certain aspects of 
transport configuration. They claim that 24 hour transport is less environmentally 
damaging as fuel consumption is more efficient with less congestion, JIT rajses fuel 
consumption as smaller lorries consume more fuel per tonne of goods moved than 
larger vehicles. The use of combined transport options such as containers using 
road and rail links is advocated for environmental improvement. In order to begin 
the improvement process, the authors suggest a three stage approach: an 
environmental audit of the logistics operation, a listing of actions to reduce impacts 
and a priority ranking of these actions. The problem with these recommendations is 
that they are not stakeholder focused, but look only at fuel consumption and 
economic cost. Improving the efficiency of fuel consumption will indeed reduce
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environmental impact, but local community issues may become more important 
when using large lorries in a 24 hour operation.
Howie (1994) recognises that the environment has far reaching impacts on the 
supply chain. Transport is viewed as an activity with a negative environmental 
impact, yet the transport sector represents 7% of the GDP of Western Europe and 
employs 7% of the workforce. On the other hand the cost to society in terms of 
congestion, pollution and accidents has been estimated to be 5% of the GDP 
(Howie, 1994). The energy consumption of the transport sector comparative to all of 
industry equals one third of all the energy consumed in the EU, 85% of that energy 
is used by road. However, Howie (1994) points out that the sector is fragmented, 
very competitive and disinclined to act in concert to find solutions to these issues. 
Congestion is inflationary and decreases productivity through delays, stock outs or 
over-stocking. So, there is a dilemma between reducing environmental impact and 
increasing financial cost. Howie recommends a significant improvement in ‘loaded 
miles’ and the use of consolidators (organisations which ship many companies’ 
products together to maximise loading efficiencies) to increase efficiency.
Steger (1996) says that certain preconditions are necessary before an 
environmentally oriented value chain can be created. These include: an 
environmentally oriented system of corporate management, a culture which allows 
learning and a top down principle with bottom up support. Steger is not sure 
whether the new production concepts can be combined with the environment, but 
the EPM at Rank Xerox aims to show that they can be. Steger identifies an 
interesting point in that development and change aimed at the target audience is 
more likely to result in the environment being considered from the beginning of the 
process. This is just starting to happen at Rank Xerox, where Design For 
Environment, Environmental Management Systems at manufacturing sites and the 
market have been seen as separate entities from the environmental perspective. It 
is the aim of the new business channel way of working to more closely align these 
elements in the value chain and with the EPM to include the environment from the 
conception of the process, throughout all its stages. The author of this paper then 
discusses information systems and identifies some common problems felt by all 
parties involved. Practitioners and their stakeholders often complain of information 
overload and that the information collected is of no use for decision making.
The re engineering of structure and management is an untapped business - 
opportunity claims Giuntini (1996). The traditional supply chain has poorly 
structured operational and financial decision making which has institutionalised poor 
management of material resources. He proposes that reverse logistics management 
is the answer to improving the environmental impact of the supply chain by 
improving material use. This paper is focused on a small part of the overall supply 
chain used in this study, but Giuntini’s recommendations for the use of reverse 
logistic management as an organisational decision making driver are well thought 
out. Interestingly, Jones (1995) uses the term life cycle cost without referring to the 
environment, but his points are valid to this study nonetheless. Life cycle costing 
encompasses every conceivable direct and indirect cost associated with the 
acquisition, operation , support and disposal of the system. There are a number of
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desirable characteristics of a model, states Jones (1995): it should be capable of 
providing comparisons and evaluations for trade-off analysis of different options, it 
should identify risks and establish baseline data for sensitivity analysis. Some of the 
problems with modelling are the use of invalid assumptions when insufficient data 
exists, changes to the system and the quantity of data required. Jones also 
mentions that, although imperfect, life cycle costing is the only tool available to 
assess the impact of design, operations and support decisions on the total system.
C o n c l u s io n s :
As can be seen from this review there two diverging factions when discussing 
improving logistics performance and greening supply chains. Practitioners 
discussing performance improvement are focused only on the reduction of time and 
cost. This is a very short term view and is not aimed at reflecting all the costs 
associated with a system or trying to understand them. This is not an improvement 
from the environmental perspective as time restrictions will inevitably encourage 
companies to use faster and less fuel efficient forms of transport. However some 
authors are proposing that the only way that supply chains will improve their 
performance is to look at incorporating all costs so that functions can be singled out 
for further investigation. This report has shown that not only is logistics a developing 
subject area, but the understanding of where the environment fits into that 
organisation is in its very early stages.
Therefore this review places this research into the context of a rapidly developing 
field of both trying to improve logistics performance and greening supply chains. 
Many of the papers here make useful and pertinent recommendations for this early 
stage in the design of the EPM. No one set of recommendations however, is able to 
provide everything that Rank Xerox requires from its EPM. As discussed earlier in 
this report, the next stage in this process is to gather the data to put into the EPM, 
whilst concurrently designing the EPM.
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S e c tio n  4: P ress  R eleases
Following the introduction of the EU Packaging Waste (producer responsibility) 
Directive (94/62/EC), Rank Xerox made a concerted effort to publicise its innovative 
packaging programmes concentrating on the environmental and cost benefits of 
those programmes.
The Institute Of Logistics (of which I am a member) ran a series of seminars to alert 
its members of the developing legislation and its implications. I was invited to speak 
about Rank Xerox’ packaging programmes and how they were helping the company 
to meet its obligations. I presented at three seminars with speakers from Tesco, 
Marks & Spencers, IBM, Department of Environment. There were approximately 
150 attendees at each seminar. I also spoke at a two day conference on the same 
issues at the Waldorf Hotel in London with 450 delegates, organised by Vision in 
Business.
As part of my work with the Institute of Logistics I am a member of the steering 
committee of the Environmental Special Interest Group. This group aims to ensure 
that the Institute’s members are aware of the key environmental issues that effect 
the supply chain. I am also a member of two sub groups of that Special Interest 
Group looking at Environmental Management Systems and the supply chain, and 
Packaging and Waste Management. On a local level with the Institute I am due to 
give a brief informal presentation on the packaging regulations in March 1997 to 
members in the Central region.
In December, The CIM Institute at Cranfield University asked me to lecture to a 
group of MSc students on Design For Environment as part of their Computer Aided 
Design and Manufacture course
Attached are two press clippings which have mentioned my work at Rank Xerox in 
the last year (see Volume 2, section 4)
The Financial Times special section on logistics, article entitled Cleaning up the 
pallet Tuesday October 15 1996
The ENDS Report - Company report No 172 Rank Xerox: Towards waste free 
products from waste free factories Article written as a result of the editor of the 
journal interviewing Hugh Smith and myself. ENDS Report 261 October 1996.
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1.0 Introduction
There is ample evidence that human activity is already seriously degrading not only 
local environments, but also the global environment. Human economic and social 
activity currently appropriates over 40% of terrestrial photosynthesis (the biological 
product of land) each year. While this is producing severe effects on the 
environment, it is the activity of only 20% of the world population. It is disquieting to 
know that the other 80% aspires to similar patterns of development and that trends 
suggest that the world population could double in the next 50 years (The Engineering 
Council, 1994, p2-3). This is the context in which this project is set - maximising 
human well-being and economic development within the constraints necessary for 
conserving the integrity of the environment.
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Supply chain organisations affect every part of the diagram above and for this reason 
I have included it. The diagram was conceived to describe what constitutes 
sustainable development and the following section explains how this project 
contributes to the sustainable development of a supply chain organisation.
1.1 What is a supply chain?
A supply chain is the means by which an organisation moves its goods and services 
from the point of manufacture or assembly to the customer, whether it be to the 
customer’s premises or to a retail point that the customer visits. The supply chain at 
Rank Xerox is integrated - meaning that manufacturing is included in its 
organisational definition. It also has responsibility for supplying service parts and co­
ordinating the takeback, reprocessing and remanufacturing end-of-life equipment.
The supply chain is a global organisation and currently costs 10% of annual 
corporate revenue to operate. With respect to the diagram above, supply chain 
operations in the context of this research contribute to mobility management under 
physical planning, infrastructure planning, traffic management and vehicle pollution 
control. Although some steps have been taken to improve the efficiency of Rank 
Xerox’ distribution configurations, they were driven by financial, not environmental 
considerations. This will only take change to one.level, a different perspective, such 
as the environment, will provide opportunities for greater change.
As a company, Rank Xerox is well aware of the importance of the management of 
resources and the supply chain organisation has a great deal to contribute to this. 
However, many of the areas listed above under management of resources are not 
being addressed in supply chain decision making. This project aims to provide tools 
to encompass these currently neglected areas. As an integrated supply chain, the 
location of the manufacturing plants, licences, pollution controls and product policy 
can be addressed. Supply chain operations and the managers who manage them 
could certainly have control over environmental accounting in their field of operation, 
technological development (which is indeed happening - see section 2) and industrial 
waste management. Sustainable development has far reaching implications for a 
supply chain operation. As summarised above, every part of its function has an 
impact on those areas described by the diagram. The rest of this section continues
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to define other terms used in this project and explains why the project is of 
importance to Rank Xerox for continued business development.
1.2 What is meant by ‘the environment’?
In the context of this project, the environment is conceptualised as all the raw 
materials and energy used in supply chain operations and all of the natural world, 
both living and non-living, which is impacted, directly or indirectly, by the emissions, 
discharges and effluent created as a result of its operations. The environment in this 
context also includes considerations such as natural and cultural heritage.
1.3 Why is a business such as Rank Xerox concerned by the 
environment?
Current literature comprehensively documents the importance of the environment to 
businesses. There are many journals and trade magazines which now feature the 
environment regularly or concentrate solely on environmental business issues - 
(Greener Management International, Business Strategy and the Environment, 
Tomorrow magazine, Total Quality Environmental Management, Harvard Business 
Review, Warmer Bulletin etc.). Many authors are in agreement that the environment 
makes good business sense and is no longer a threat, but a market opportunity 
(Shrivastava, 1995; Bansal, 1995; Porter & van der Linde, 1995; Hutchinson, 1996). 
Eden (1994) suggests that there is a compatibility between economic and 
environmental goals and this has been demonstrated by numerous case studies by 
the Institute of Management, World Business Council for Sustainable Development, 
INSEAD (Centre For the Management of Environmental Resources). However, for 
all this proof, Dobson (1990, p74-87) describes the Deep Greens’ reservation that 
the rapid rates of growth aimed at by industrialised societies have an exponential 
growth in a finite and complex system. It is of no importance that the environment 
has become a business issue as the current economic system, the Deep Greens 
propose, will not be in existence in the long term. It is with this reasoning that some 
companies see the environment, not as an opportunity, but as a threat, although 
many would not admit to this (hearsay).
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Each year Rank Xerox undertakes a customer satisfaction survey (ODG, 1994/95) 
across Europe to ascertain its competitive position. Thousands of office electronics 
consumers are asked to complete a comprehensive telephone survey. Over the past 
two years I have noticed that customers are becoming increasingly aware of 
environmental issues. This level of interest is by no means restricted to Rank Xerox, 
public opinion trackers MORI confirm that the public remains concerned about the 
environment, despite moving down the national news agenda (Robinson, 1996).
It is not only customers who are becoming more environmentally aware, employees 
are too. A European survey of 4000 Rank Xerox employees carried out in 1995 
showed that although an average of 75% of employees believe Rank Xerox to be an 
environmentally responsible company, only 30% thought it was externally recognised 
as such. Internal perceptions such as these must be addressed if Rank Xerox’ 
customers are to be persuaded of the company’s commitment.
Results of the 1995 Rank Xerox Employee Environmental Survey
Q1 - Is it important for you to work for an environmentally conscious 
company?
Q2 - Do you consider Rank Xerox to be such a company?
Q3 - Do you think Rank Xerox’ commitment is recognised externally?
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The amount of environmental legislation has increased dramatically over the past 10 
years and the finance industry is also fully aware of what a bad environmental track 
record can do to a company’s market share. Environmental disasters are now 
important pieces of news, not just of interest to the deep greens, but to all sectors of 
society. It is clear to a company such as Rank Xerox that the environment is of 
importance to its stakeholders (customers - current, potential and future, employees, 
suppliers, decsion makers - political and financial etc.) and therefore to the company 
itself. The corporate background which has lead to the current environmental 
policies and reports is more closely detailed in section 2 of this report.
1.4 Why the environment and the Rank Xerox Supply Chain?
The supply chain operation at Rank Xerox has an award winning history of 
environmental achievement with its two main projects of Asset Recovery Operations 
and packaging initiatives (see Rank Xerox Environmental Performance Report, 
1995). These two on-going projects have been the main focus for supply chain 
environmental awareness so far. Both projects were developed due to financial 
incentives and have resulted in both cost savings for the company and far-reaching 
changes to the management of the supply chain (see section 2 for more details).
Legislative issues affecting industry appear to be increasingly supply chain function 
focused. Recent EU legislation has included the Producer Responsibility for the 
Takeback of Electronic Waste, entailing a new ‘accountability’ of the producer for the 
recovery of end of life electronic goods. The Producer Responsibility Obligations 
(Packaging Waste ) Regulation(1996) is currently being formulated into national law 
in EU member states and will require national governments to ensure that they are 
recovering 60% of packaging waste by 2001. This requirement is passed onto 
industry, not the consumer. Both of these pieces of legislation have profound 
implications for a supply chain, as it is this part of the company which will have to 
develop the necessary structures and processes to provide for the return of both 
products and packaging.
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In a piecemeal way, the supply chain has been placing more emphasis on 
environmental issues and performance over the last 6 years in particular. The 
supply chain organisation is also in a state of flux at the moment, many changes to 
its structure are foreseen in the near future. Consequently, this is an ideal time to 
become involved in decision making in the supply chain’s future. Managers 
understand very well how to judge future decisions on their financial merit, but what 
about the environment? In the future, it may be to a company’s advantage to show 
that the environment was considered at all points in its decision making process, 
similar to the principles of Design For Environment with products. Ideally, this project 
will extend that type of thinking to process decision making in a supply chain 
function. However, before this can happen, environmental performance measures 
must be developed. Current metrics used in the Supply Chain concentrate on 
financial drivers and customer satisfaction and while CRID (Customer Requested 
Install Date), Integrated Supply Chain Costs as a percentage of revenue, and XCID 
(Xerox Committed Install Date) provide useful indicators of performance, they are not 
readily adapted to incorporate environmental considerations (see section 4 for a 
fuller discussion on environmental performance measurements).
1.5 Why measurement?
From the company perspective, measurement is a quality management tool enabling 
the monitoring and subsequent better understanding of processes and operations. It 
is a commonly quoted adage that you cannot manage what you cannot measure. A 
measure of environmental performance could comprise an organisational measure 
that can be compared and benchmarked against. It may also highlight areas which 
require attention. However it has so far proved difficult to provide a single measure 
of environmental performance for an organisation, the environment requires a 
mixture of both hard and soft, quantitative and qualitative, measures to encompass 
all its aspects. Even with this complication, measurement provides a means of 
external verification, proof to the outside world of environmental commitment.
Metrics are favoured by financial institutions and are one way of comparing 
organisations. The Prince of Wales, through Business in the Environment, has 
recently begun a ranking exercise using ‘green’ metrics based on the FT 100 listing
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in the UK (Boulton, 1996). Managers within the company need measurement to 
understand how well their part of the operation is performing - metrics provide a 
benchmarking medium whether internal or external. Measuring performance is not 
just about how well a company is doing, it is also a means of demonstrating its 
recognition of its obligation to the future. Environmental performance measurements 
are one way for Rank Xerox to confirm its commitment to long-term ‘greening’ of the 
company.
The purpose of the introduction in this report is to define the terms which are used in 
the research project, to set the research into the wider context of academic thinking 
and to show where this project makes its contribution, both to a company and to 
academic study. In terms of environmental technology, this project encompasses 
scientific thinking from a number of areas important in furthering environmental 
comprehension: developing measurement methodologies, understanding and 
influencing management decision making, lateral problem solving, industrial case 
study analysis, and social and business behaviour. The following section continues 
to expand on the background of the project in terms of Rank Xerox and the 
academic field of interest.
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2.0 Setting the scene
This section builds on the first by describing in greater detail the objectives of this 
project from the perspectives of the different stakeholders in it - Rank Xerox and the 
academic community. There are a number of top level objectives which it is useful to 
list here:
• Measure the supply chain’s environmental performance
• Maintain and extend the current leadership position regarding the environment
• Create differentiating factors to increase market share
• Extend corporate citizenship to all supply chain operations
• Stimulate environmental innovation throughout the company
• Widen the academic field of information in this type of industrial study
• Use existing methodologies in novel situations
• Place work in a unique position, academically and industrially
2.1 The Rank Xerox perspective
The objectives above make certain assumptions about why a company such as 
Rank Xerox should want to incorporate environmental issues into their supply chain 
operations, this section explains and clarifies those assumptions.
Environmental Track Record
Rank Xerox has a history of more than 30 years environmental commitment. Back in 
the 1960s the company began to refurbish and recycle parts and machines for reuse; 
this thrifty ‘waste not, want not’ attitude has formed the backbone of environmental 
activity ever since to great success. Equipment has been designed since the 1970s 
with the environment in mind, cutting down on the amount of materials used, creating 
snap together design for easier reprocessing, developing features such as duplex 
copying and power down modes which save paper and energy while in use. 
Manufacturing operations have continually striven to reduce the number of chemicals 
used. They have concentrated on reducing emissions, discharges and energy 
consumption while increasing productivity and efficiency. Although the result of long 
term occupancy of the manufacturing sites has resulted in expensive land
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decontamination, the company is more than willing to own up its mistakes and does 
everything it can to rectify past errors and prevent future ones.
More recently the company has turned its attention to paper (Rank Xerox is the 
largest supplier of cut paper in Europe) and packaging - introducing chlorine free 
paper and recycled paper to its range. Packaging has been a huge success story for 
the company, gaining it many industry accolades (Rank Xerox Environmental 
Performance Report, 1995). In 1989 it was realised that the company had a total 
lack of standardisation between the 500-strong global vendor base, resulting in 25 
pallet styles and 8000 different box sizes. Initial calculations indicated that 110 
tonnes of packaging were being disposed of every day. Two standard reusable Euro
i
pallets with 8 standard reusable boxes, modular to the pallets, comprised the 
solution. Later the same year, bench-marking revealed a suitable alternative to 
expanded polystyrene (EPS) in ‘Corrupad’: polystyrene has now been replaced, the 
bleached white outers of the boxes are now unbleached brown, cardboard cases 
and fitments are now constructed from 100% recycled cardboard. Transport vehicles 
now have double decking constructed in them which means that there is a reduced 
need for cardboard packaging on the equipment. The current packaging initiative 
aims to do away with packaging entirely using completely reusable pallets on which 
the equipment is stretch-wrapped to keep it clean. A new logistics operation has had 
to be developed to manage the complicated returns and reuse procedure for these 
pallets.
The manufacturing sites all have environmental management systems. The UK 
manufacturing plant has just submitted its application for EMAS, having received 
BS7750 earlier this year and the Dutch plant is not far behind. At all points in the 
company’s operations the environment is considered under the following headings: 
remediation, hazardous materials, solid waste reduction, energy conservation, asset 
recovery, recycling, reprocessing, remanufacturing, packaging, paper and employee 
involvement.
Asset Recovery Operations are the cornerstone of Rank Xerox’ environmental 
initiatives. The operation was developed to recycle materials, reprocess parts and 
remanufacture machines and became operational in 1987 with 12 people. It now
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employs 400 at 2 sites to receive 80 000 returned machines, strip them to piece part 
level, inspect and sort those parts, reprocess and repair if required and deliver those 
parts to the assembly lines for incorporation into remanufactured or newly 
manufactured machines. In 1995 1 million parts were reprocessed, saving 
approximately $70 million in raw material purchases. Asset Recovery Operations 
have become a way of thinking for Rank Xerox. Machines, whether Rank Xerox’ or a 
competitor’s, are automatically removed from a customer’s premises and go through 
a number of categorisation stages before arriving on the remanufactured assembly 
line. Parts are not just repaired, they are thoroughly cleaned, resprayed, refilled, 
have new parts added or are reconfigured to an as-new specification. Customer 
Replaceable Units (CRUs) such as toner bottle and cartridges are becoming 
increasingly important for ARO to deal with as more and more are being returned by 
customers who wish to see them being recycled. Equipment of the future is being 
designed with this operation in mind and future Xerox products will be easier to take 
apart, refill and reconfigure than ever. The demand for remanufactured machines 
exceeded plan by 50% last year and looks set to continue to grow. Asset Recovery 
Operations are a benchmark function across the electronics industry and at the 
moment are the focus for environmental activity within the supply chain organisation.
From the above description it is easy to imagine that Rank Xerox has addressed all 
its environmental options, but there are many more areas in need of attention. For 
example, the environment is not being explicitly considered when managers make 
decisions about logistics configurations. The exact nature of the hub network and 
what its function will be has not yet been confirmed and there is much scope for 
environmental initiatives here. Some of these and other areas are discussed later in 
this report.
2.2 The academic perspective
This section is by no means an exhaustive review of all areas where this study adds 
value, but provides a brief summary of those areas so far considered in this project. 
These include areas such as the study of supply chains, quality management 
techniques, sustainability, a review of current government thinking and legislation
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and the emotive topic of transport. It adds value to these areas by generating a 
greater understanding of the reasons why supply chains should be studied from the 
environmental perspective. ‘Environmentalism has been characterised as perhaps 
the most significant force shaping the economy, as well as one of the most important 
issues facing businesses during the 1990s’ (Murphy, Poist & Braunschweig, 1995).
The literature reviewed so far suggests that if research is being carried out into the 
supply chain and environment then it is concentrating on the up-stream part of the 
supply chain i.e. the suppliers. Both BT and B&Q have done a considerable amount 
of work in this field and thus far have been successful with it. BT have had a vendor 
assessment scheme incorporating environmental purchasing policy for over 4 years 
now. In 1993, the company created its environmental purchasing panel to advise BT 
on environmental issues relevant to procurement decision making. The members 
are drawn from a Europe wide cross section of industrialists, environmentalists and 
academics. The focus of the Panel in 1995/6 was packaging, waste disposal and 
warehousing (BT, 1995). B&Q use both questionnaires and auditors to track 
environmental issues in their supplier base and have decided that this approach is 
preferable to requiring environment management system implementation (B&Q,
1995). However, neither of these companies, or any others, consider themselves as 
the supplier and so, move environmental management principles into their supply 
chain organisation. Although Lamming and Hampson (1996) mention that 
‘environmental pressures may be expected to increase in the future’, they suggest 
that ‘an effective means of dealing with them must be implemented through the 
purchasing function’. Their paper concentrates on the supplier base of a company 
as the focus for supply chain environmental performance, but environmental 
performance criteria must be attached to,the whole supply chain function to 
encompass the whole, not just the up-stream effects. The logistics discipline is well 
qualified to deal with cradle to grave issues because of logistics’ focus on supply 
chain management, which emphasises the control of materials from suppliers, 
through value added processes and on to the customer. To make a more proactive 
approach a reality, several steps should be undertaken. The first involves educating 
chief executive officers and others in top management as to the potential of logistics 
in making important environmental contributions, as well as soliciting top 
management support and involvement for these efforts. The second involves
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making environmental considerations and concerns part of any logistics decision 
made regarding the supply chain (Murphy, Poist & Braunschweig, 1995). The 
interface between logistics and the environment is embedded in the value adding 
functions a firm performs (Wu & Dunn, 1995). As Wu and Dunn quite rightly point 
out ‘to minimise total environmental impact, it must be evaluated from the total . 
system perspective’. Other organisations have focused on the other end of the 
supply chain with recycling issues. Equipment is returned from the customers of 
companies such as IBM, Nokia Data, BMW and indeed Rank Xerox (Hopfenbeck,
1993). These companies either recondition the old equipment or reclaim the 
materials they are made from, reprocessing into raw material. However, it appears 
that no research is being carried out into how to evaluate decisions concerning 
supply chain operations, it is now time to look at the whole process of moving 
equipment from a manufacturing site, through customer use and back to 
manufacturing from the environmental perspective.
Quality is the method by which Rank Xerox makes its decisions and carries out its 
business and its success in using this methodology are well documented (European 
Quality Award, 1992). The incorporation of environmental considerations into the 
supply chain decision making process is a natural and logical progression of the 
Quality journey for, similar to quality, it requires change not only to products and 
processes, but also to organisational culture. Moreover, it is widely acknowledged 
that a strategy for quality is essential for the competitive performance of companies 
and it is nearly always possible to compensate for a lack of price competitiveness by 
concentrating on those aspects of quality - reliability, durability and servicing (Temple 
& Swann, 1995). Many Rank Xerox products are primarily sold on these non-price 
factors and so they are very important to the company. Quality is one method of 
ensuring that the trade-offs that will inevitably have to be made between economic 
and environmental factors are fully documented.
It is suggested that it is the large, multi-national manufacturing and sen/ice 
organisations that have the greatest impact on the environment (Eden, 1994). Even 
bearing this in mind, these large companies can reduce their environmental burdens 
by aiming to close the sustainability gap by re-casting the way they make commercial 
decisions and choices today (Aspinwall, 1995).
395
Governments are certainly homing in on the environment as a key political issue both 
nationally and internationally. Popular concern with environmental issues is rising 
(Dobson, 1990) and the British Government seems keen to promote this concern. 
The ‘Indicators of Sustainable Development’ diagram shown below was recently 
produced by the Dept of the Environment in its book ‘Indicators of Sustainable 
Development in the United Kingdom’ (DoE, 1996).
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The diagram clearly shows the underpinning of current Government thinking. This 
diagram is included to demonstrate that Government groups have identified many 
areas in which, or with which, Rank Xerox operates. The Government is certainly 
leaning towards developing indicators of sustainable development to allow them to 
monitor their progress over time. As a large British based company, Rank Xerox 
cannot afford to ignore these signs and ideally should act on them now, rather than 
waiting for legislation to be imposed at a later date. What the development of these
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indicators suggests to me is that the environment is being increasingly targeted for 
measurement and monitoring.
Of course the traditional way in which Government shows its support for an issue is 
to legislate for it, the environment is certainly no exception. The link between 
economics and the environment reflects the change in thinking about environmental 
problems which has occurred in industrialised countries in the last few years. The 
emphasis has shifted from command and control or regulatory approach to an 
allegiance to market based instruments such as taxes or charges, which give 
polluters an economic incentive to adapt their practices. Harnessing the market is a 
more efficient way of protecting the environment, it is suggested, particularly when 
coupled with judicious use of regulations (Malcolm, 1994). It is not just national 
government which is supporting the environment through legislation, the EU has 
been extremely active over the last few years in particular in creating more 
environmental controls. A fiscal crisis in the EU is lending a new impetus to calls for 
a shift in the burden of taxation from income to resources. Traditional sources of tax 
revenues are being eroded and environmental taxes are proposed as one source of 
new revenue. The UK has a handful of green taxes: the duty differential between 
unleaded and leaded petrol; the landfill tax; the promise to increase road fuel duty by 
at least 5% per year; and VAT on domestic fuel. All but the first were introduced in 
the 1990s. Both the Labour party and the Liberal Democrats have endorsed the 
long term shift of taxes away from labour to pollution and resource depletion (ENDS,
1996). If this were to happen, then the environment would become a mainstream 
political issue, simply because it would start affecting people and companies in a 
financial way. Again, this is another area in which this project contributes to the 
greater understanding of how companies and people deal with change regarding the 
environment. If the above comments are to be believed, then there is not much 
more time before the environmental spotlight will be turned on every sector of 
society. The fact that there seem to be very few supply chain networks being studied 
from this perspective indicates that this a propitious time to be researching it.
Transport plays an important role in all supply chain operations. It is that part of 
Rank Xerox’ supply chain which costs the most money and can create the biggest 
problems. The amount of freight carried has changed relatively little over the last two
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decades, but the distances pver which it has been moved have increased by one 
third, part of the reason for this increase is because of centralised distribution 
systems’ (DoE, 1996). As Rank Xerox’ transport manager indicated, all the 
efficiency savings that were immediately apparent have been made, transport should 
now be looked at from different perspectives to find even greater savings in financial 
and environmental terms. There is an increasing need to understand the transport 
system as a service delivery mechanism, focusing on the effectiveness of the overall 
end to end journey, rather than the engineering efficiency of particular segments’ - 
stated the EPSRC in 1996. Indications that this is happening are evident in the 
Government’s recently published Technology Foresight document. This constitutes 
a programme of identifying key research areas for the future of industry, Government 
and researchers - one of the key areas is transport and transportation networks. The 
report specifically mentions funding research into the greater understanding of 
logistics configurations, building models, finding how transport can be made more 
effective and raising public awareness of transport issues. The results of these 
research programmes will inform decisions on spending by Government and industry 
(Office of Science and Technology, 1996). Such results could have far reaching 
effects for the whole of industry, for example, companies may be limited to x 
transport miles per product, no more roads could be built or lorries may be limited by 
size, weight and emissions. In the light of the recent road protests, air quality 
deterioration and the increase in children with asthma (BBC, 1996), these scenarios 
are not beyond the imagination. Currently the Government is stalling on urban road 
pricing and motorway tolls (ENDS, 1995), but public pressure may be brought to 
bear eventually on these issues.
2.3 Environmental Performance Measures
Without quality management it is difficult or impossible to achieve continuous 
improvement in environmental performance (Fiksel, 1993). Recently there have 
been many companies and academics who have attempted to create environmental 
performance indicators or measurements. In this section I comment on the current 
range of performance indicators that the supply cycle uses and review a selection of 
environmental performance indicators which are most practical in their application.
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2.3.1 Current supply cycle measures:
Each organisational unit within Rank Xerox uses a ‘Blue Book’ in which it defines its 
roles, responsibilities, mission and vision, targets and objectives for the following 
year. Like all other units, the supply cycle organises its targets and objectives and 
the way it is going to measure its progress against these under four headings.
These headings are the four overall corporate objectives of Rank Xerox: customer 
satisfaction, employee satisfaction and motivation, market share and return on 
assets. For example under customer satisfaction the supply cycle has created its* 
measure of performance ‘CRID’ - customer requested install date and measures 
customer satisfaction in terms of how many machines were delivered and installed 
by the date that the customer requested. In the market share section of their Blue 
Book, the supply cycle undertakes to decrease unit manufacturing cost and reduce 
total inventory costs. In order to add to corporate return on assets, the supply cycle 
will reduce the percent of waste going to landfill and raise hulk (old machine 
carcasses) utilisation. Just this brief overview of supply cycle metrics should indicate 
that its measures are very financially focused and that those detailed here are very 
difficult to translate or incorporate into environmental indicators. Those measures 
which could be termed environmental are waste focused, an end of pipe perspective 
on environmental issues and the supply cycle.
2.3.2 A review of current environmental performance indicators:
The following section reviews some environmental performance methodologies 
which aim to address the problem of incorporating the environment into business 
metrics.
In an article in 1993, Fortune magazine attempted to discover ‘Who scores best on 
the Environment’. 130 of America’s biggest manufacturers (annual sales revenue 
greater than $400 million) were evaluated and 30 were selected to be compared - 
Xerox was among these. Values were assigned in each of 20 categories ranging
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from 0 (worst) to 10 (best). It is difficult to see exactly how Fortune arrived at the 
ranking it displays in the article. The categories used were all ‘hard’ measure 
oriented, concentrating on emissions, waste reduction, environmental penalties and 
policies. These were purely environmental measures which did not take into account 
other business issues such as customer satisfaction, comparison of projects from the 
environmental perspective or life cycle analysis. Another very business oriented 
measure is the balanced scorecard. Kaplan and Norton suggest that managers 
using the balanced scorecard do not have to rely on short term financial measures 
as the sole indicators of a company’s performance. The tool aims to supplement 
traditional financial measures with criteria measuring performance from three 
additional perspectives - customers, internal business processes and learning and 
growth. Although this is not specifically aimed at measuring environmental 
performance per se, I have included it in this review as it aims to close gaps between 
mission statements such as ‘we will be an environmental leader’ and actually 
achieving and proving that statement. The authors claim that it helps managers to 
translate the vision into an integrated set of objectives and measures for 
communications and business planning. This is not dissimilar to the ‘Blue Book’ 
process currently used at Rank Xerox where each department creates a list of 
objectives and targets for the following year under each of the 4 corporate objectives 
(see above). Therefore it is not the system that requires overhauling but the creation 
of objectives and measures themselves which needs to be identified.
James and Wehrmeyer (1994) state that environmental performance measurement 
is concerned with the development and implementation of metrics to assess 
performance in environmentally significant areas of activity. They suggest that it can 
either take a cradle-to-grave approach or be driven by management considerations 
such as usability or simplicity, but that both types are influenced by contextual factors 
such as political climate, legislation, the size of the company and the management 
style and culture. They recognise that environmental performance measurement is 
in its early stages and it is therefore unsurprising that its practice is fragmented. The 
challenge is to reduce this by clarifying the purpose of environmental performance, 
refining the tools and data resources which it calls upon and assisting its integration 
with other areas of organisational activity. This is the crux of the criticism of the 
authors’ recommendations - that environmental performance measurement is not
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just about ‘assessing performance in environmentally significant areas of activity’ - 
but is also about understanding the links and connections between one group of 
decisions and their consequences. This is certainly the knowledge gap that exists at 
Rank Xerox and if the company just looked at assessing performance in 
environmentally significant areas they would miss a lot of related interaction and 
implication. Therefore the environmental performance measurement is determined 
by the boundaries used and at its widest takes into account corporate sustainability 
in terms of biodiversity and social equity, the  authors finish by suggesting that 
whichever form environmental performance measurement takes in the future, it 
needs to be standardised to allow comparison and that long term consistency will 
enable benchmarking and continuous improvement.
Thor (1993) says that customer needs have to be identified first and that it is better 
to be approximately right than precisely wrong. His suggestions for measuring the 
environment are very quality oriented and in order not to lose the environmental 
aspect of the measures that the criteria would have to be weighted. Wolfe and 
Howes (1993) take a real case study on which to base their comments on 
environmental performance measurement. In their example, Ontario Hydro use 
three types of indicator - process input, environmental results and 
customer/stakeholder satisfaction. This is approaching the more holistic measure 
that would be of use to Rank Xerox. They state that there are three aspects to 
measuring performance - identifying performance indicators, the challenge of 
measurement, and communicating and using the data. Process input measures 
include internal work systems and management, training, management commitment 
and environmental investment. Environmental results consist of raw material 
consumption, emissions, discharges and any relevant reductions. Customers 
satisfaction involves finding out what the customer would want to see. This last 
aspect is very similar to IBM’s ‘Consulting the Stakeholder’ (1995) where the 
company asked its stakeholders - employees, customers, investors, decision makers 
etc. what they considered to be the most important aspects of IBM’s environmental 
performance. The results were quite interesting and showed that proof of concern 
and action for the future was foremost in the stakeholders’ minds. However this case 
study by Wolfe and Howes has been the most practically oriented and specific so far,
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but it would be difficult to include issues such as strategic planning and direction in 
this measure.
In another paper, Haines (1993) suggests that environmental performance indicators 
are a way of balancing compliance with business economics. Although a valid point, 
it is a little short-sighted and that environmental performance indicators can go way 
beyond compliance and business economics. Haines does point out usefully that it 
is critical to develop a common language and system for measuring and setting 
goals. Cahan and Schweiger (1994) stress the importance of integrating 
environmental considerations into corporate decisions making in order to reduce 
impacts through the product’s life cycle. This a very useful point, but the authors do 
not explore the complete product life cycle through takeback or consider the 
transport element of the life cycle. In another case study, Kodak concentrates on 
hard measures of health and safety figures and it is not apparent in this paper how 
the performance measures are rolled out to other corporate operations such as the 
supply cycle or operating companies (Bober et al, 1993). Rank Xerox itself was 
required to develop performance measures in some part in order to qualify for 
BS7750 certification at its UK manufacturing plant (Rank Xerox, 1995). The method 
used attempted to bring in ‘softer’ measures such as social and community 
responsibility, but it was lacking in stakeholder consultation which would have 
allowed more accurate weighting of the 10 criteria used. Another area in which Rank 
Xerox is involved is the Royal Society for Arts, Commerce and Manufactures (RSA) 
Environmental Management Award. Rank Xerox won this award in 1994 for its 
innovative remanufacturing strategies (see section 2.2) and now are represented on 
the judging panel. The RSA gives awards for significant initiatives by British 
management in the pursuit of sustainability which seeks to eliminate the negative 
impacts of business on the environment while maintaining the long term viability of 
the business. Indeed, this is a good objective for this research project. In order to 
receive the award, companies are judged on the following criteria: the strategic 
nature of the initiative, whether it reflects policy, if it is an on-going commitment, if it 
reduces impacts, if it regards the cause not the effect of an impact and whether it 
goes beyond compliance (RSA, 1994). The reason these criteria in this discussion 
about environmental performance measurement is that they form the basis for 
measuring a company’s environmental performance on a project by project basis
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and includes strategic, long term issues that many of the other means of 
measurement do not.
Environmental Issues in Financial Reporting by the Accounting Advisory Forum 
(1995) raises the point that currently there is no special purpose reporting on 
environmental issues and suggests that as part of financial considerations liability 
costs such as clean up should be included, along with longer term expenditures as a 
result of legislation or de-commissioning and capital expenditure on environmental 
issues. This report demonstrates that the financial community is seeking better ways 
of judging environmental performance of a company too. In their paper, Azzone and 
Manzini (1993) try to set a site’s impact into the context of its geography - although 
this methodology is difficult for a multisite organisation or issue. They also recognise 
that it is not easy to find a direct link between the efforts of a firm and its 
environmental results, as there is often a delay between actions and results, 
especially when considering organisational and cultural actions. This is an important 
consideration when confronted with the short time frames inherent in project 
evaluation. The authors suggest that the requirements for a measurement system 
should include its measurability (that it is objective) and that it should not entail 
excessive cost. There are different types of environmental performance measures - 
prevention costs and investments look solely at the amount spent on the 
environment, operating costs such as the on-going costs of remediation, waste 
disposal, recycling and taxes are also only financial in orientation, contingent 
environmental liabilities measure the future costs of environmental action i.e. value 
lost, new regulations etc. - this is good for long term planning but is highly subjective. 
Physical indicators such as the quantified measures of emissions etc. are objective 
but relatively meaningless unless normalised and compliance which measures the 
lack of prosecutions or the awards won. The above are a mixture of relative and 
absolute measures and the authors suggest that absolute measures are more 
externally oriented as they are more believable. Once these measures have been 
collected, then the level of aggregation has to be decided upon, too much will render 
the measure meaningless as it will become too far removed from its origin. This 
paper calls for an integrated approach but does not address issues such as social 
responsibility. It is prescriptive and practical, but too simplified, too financially 
oriented and, gives a rather skewed picture of environmental performance. There is
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supply cycle operations, but it does not encompass the softer measures needed.
The paper also suggests amalgamating the measures listed above, but this would 
lose meaning and accuracy. However, their statement that environmental costs 
support organisational integration towards environmental issues is a useful reminder. 
Assigning costs to environmental action is something that Rank Xerox is currently 
doing, but it is not a particularly revealing measure of environmental performance. A 
company may just spend more because it has polluted worse in the past than its 
neighbour.
POINTS OF STRENGTH OF EACH CLASS OF ENVIRONMENTAL PERFORMANCE INDICATOR
Prevention
and
environment
cost
Operating
environment
cost
Contingent
environment
liabilities
Physical
indicator
Compliance
External
orientation - • • •
Measurability • • •
Completeness -
Long
orientation
• •
Low cost • • •
Source: Azzone & Manzini 1995
In their paper addressing green manufacturing strategies, Corbett and van 
Wassenhove (1991) remind us that the disastrous effects of an incorrect 
performance measurement system is illustrated by the poor environmental state of 
Eastern Europe. Eastern European governments found a fixed relationship between 
input and output of plants. The input used by a plant was taken as the measure of a 
plant’s performance, as it was easier to measure than output. This provided plant 
managers with a very strong incentive to maximise input per unit output, leading to 
highly inefficient manufacturing practices currently encountered in Eastern Europe: 
the amount of energy and other inputs required by a plant per unit value of output is 
2 to 3 times higher than that of the West. The authors also remind us that
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organisational structure must be designed in such a way that environmental issues 
are entrenched in the firm. As they point out, it is not enough to create 
environmental awareness in all employees. There must be a structure to allocate 
responsibility throughout the organisation and ensure that there is harmony and 
agreement with structures developed to manage environmental issues.
James and Bennet (1993) have developed a highly visual environmental 
performance measurement system seen below.
The Sustainability Octagon
NON-FINANCIAL STAKEHOLDERS
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systems
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 premises________
Direction  ^  PEOPLE
_ transport
ENVIRONMENTAL MANAGEMENT
systems
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BIOSPHERE
CD
Dd
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3
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Zo
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Source: James & Bennett, 1993
The Sustainability Octagon aims to show companies why they should be measuring 
environmental performance in terms of the biosphere, financial stakeholders, non- 
financial stakeholders, customers and people; what they should be measuring in
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terms of impacts, substances, inputs, efficiency, customers and finance and what 
they should be measuring in terms of business areas - the product cycle (supply 
cycle), the support functions (operating companies) and the management system. 
They also suggest how to measure by defining the environmental context and 
objectives, identifying potential measures, selecting measures, setting targets, 
implementing measures, monitoring and communicating the results, acting on the 
results and reviewing. Whilst this is the most comprehensive of the environmental 
performance measurement systems so far reviewed, it is too generic and would 
require a vast amount of information to make it work. The authors do not suggest 
what the outcomes of such a huge database would be and it is paramount to 
understand the reason for creating measures and the purpose they will serve before 
starting the highly complex process. However James and Bennett do come up with 
some useful suggestions on how to categorise huge amounts of data so that 
processes are comparable. It is suggested that measures can concentrate or be a 
part of: the impact measures of an operation - the environmental consequences in 
local or global terms; output measures such as emissions, effluents, discharges, 
solid wastes or input measures, meaning the efficiency by which resources are 
utilised by the process. Shrivastava (1995) also advocates this type of performance 
measurement with his VITO formula - vision, input, throughput, output (see below).
Economic, Social, Political, Cultural
E N V IR O N M E N T
Technol.
Assessment
Tot. Qual 
Envt Mgt
Economic
PerformanceO R G A N IS A T IO N
V i
Ecological
Performance
Design for  ^
Disassembly
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Ecology
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  E N V IR O N M E N T  -----
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Source: Shrivastava, 1995
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From the corporate perspective, the Environmental Performance Indicator used by 
Nortel - an electronics manufacturer, concentrates almost solely on compliance and 
legal issues, they do attempt to address issues such as resource consumption, but 
the emphasis is definitely on compliance to legal standards (1996). Novo Nordisk 
has recognised that there are many different ways of presenting data to the various 
stakeholders and suggest that in the future there will be more companies adjusting 
their measures for production, disclosing measures of water, energy and raw 
materials input, expressing environmental performance in monetary terms and 
standardising measures (Kingo, 1996).
The areas covered in this section of the report have set the scene for the future of 
this project. The corporate history has provided the basis of this research and the 
academic context shows where externally this project adds value. This section has 
demonstrated that the time is ripe to study the environmental aspect of supply chain 
operations. The company needs to look for efficiency improvements from other 
perspectives and there seems to be an academic niche for such work. The 
importance of researching whole systems, not just components, has been 
recognised by both Government and academia.
The review of environmental performance indicators being used by companies and 
developed by academia has demonstrated that there is no easy solution to 
evaluating environmental performance. The measurement systems in general
Environmental releases'' 
Respurce consumption 
Environmental ' 
remediation V
Cpmpiiance 1
\  Benchmark 
performancejevel
1993 Decreased releases ■ 
Reduced consumption 
Reduced liability and risk frc 
contaminated sites
Positive
Source: Nortel, 1996
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concentrate too heavily on one aspect of environmental performance and that almost 
none of them of them have been able to incorporate softer indicators and only a few 
of the strategic implications of environmental performance. There are many useful 
and insightful points which the above review has brought out and these are 
recognised as important considerations in the development of an environmental 
performance measurement. The next sections of this report detail work carried out 
to date - a scoping and defining exercise and future directions for the research.
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3.0 Mapping the Supply Chain
Before the ultimate objective of this project, the creation of environmental 
performance measurement for a supply chain organisation, can be addressed, 
boundaries need to be set to define the scope of the project. One way of doing this 
is comprehensively to map the supply chain operation in a layered series of flow 
diagrams. This has traditionally been how the supply chain organisation is visualised 
at Rank Xerox and so is a good starting point. The rest of the section details the 
methodology used in gathering the information from which the maps were 
constructed and explanations of the maps. This should demonstrate the size and 
complexity of the supply chain organisation and why it is necessary to make choices 
on which to focus in greater depth discussed in section 4.
3.1 The Top Level Maps
The diagram seen below is the traditional Rank Xerox supply chain diagram. It,was 
developed several years ago and has been in use as a visualisation tool ever since. 
However, for the purpose of this project it is not ideal as it is too simple and so it has 
been adapted to meet more closely the needs of this research. What this diagram 
does is graphically represent the more cyclical nature of the Rank Xerox supply 
chain due to its asset recovery operations (ARO) and policy for reclaiming end-of-life 
equipment from the customer. This is unusual as most supply chains are one-way 
with the producer’s responsibility for the product ending at the customer’s door.
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STORE------► BUILD — ►DISTRIBUTE
ACQUIRE
Rank Xerox 
Supply Chain INSTALL
STRIP •REMOVERECYCLE-*-
The cycle begins with the acquisition of raw or remanufactured materials and 
components for storage at the manufacturing sites. The materials are then ‘pulled’ 
by the assembly lines as needed and built into finished products. These are then 
distributed to a customer’s premises where they are installed for use. After use, the 
equipment is removed to ARO, stripped down to a piece part level and returned back 
into the cycle. This still does not show the different types of distribution channel for 
the different types of equipment, or the complex process of removing, stripping and 
reincorporating into the cycle. There are many intra-cycle return mechanisms and 
areas where products, parts and materials leave the supply cycle. Also this diagram 
gives no indication of time scale, which may be up to 20 years for some products.
To this end, the diagram above has been reformulated and renamed. Firstly, it has 
been called the supply cycle to incorporate the cyclical nature of it operations. 
‘Acquire’ has been excluded as the starting point of this flow chart as the diagram 
reflects this project scope and that does not include the purchase or acquisition 
function of a supply chain. Because this project concentrates on the down-stream, 
on-going effects of a supply chain, customer use has been included in the model. 
This gives the project a more.life cycle approach to considering environmental 
impacts throughout a product’s life. Although, ‘build’ remains in the model, there is 
little value to be added in researching this part of the cycle as it has been extensively
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covered by both the company and other research. Some of the new changes to 
supply chain operations have been incorporated. Therefore this is a dynamic model 
which will change as the supply chain structure changes in the future and represents 
a current snapshot of the supply cycle. ‘Distribute’ has been broken down into its 
three supply channels as the way in which a product is moved differs between these 
channels, therfore changing the environmental impact of that distribution activity.
The Supply Cycle
Each of the following sub-sections takes one of the functions and breaks it down into 
its component functions. This work is not yet complete because as it progressed it 
became a larger and larger task. It was decided at this stage to retain the basic flow 
charts and then use the techniques described in section 4 to decide which few out of 
the many to develop further. The following diagrams and descriptions are the result 
of a series of interviews with senior mangers in the supply chain. The traditional 
supply chain model was used to identify key functions and arrange meetings with a 
manager from each. These semi-formal interviews all followed the same format and
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generated huge amounts of information, which together with secondary data 
collected from the managers, resulted in the simple flow charts seen here. Even 
though the diagrams are simple, they provide the basis for the next step in the 
process (see section 4). Ideally, the diagrams would have been verified with the 
managers, but this has not proved possible before writing this report due to time 
constraints. However, this is recognised as vital next step.
3.2 Distribute
There are three distribution channels within the distribute function as indicated above 
by the top level map of the supply cycle above. The reason for this is that different 
products have different customers who require different delivery methods.
3.2.1 The Direct Sales Channel
Pkging Dispose
Entity
Platform
Manufg
Orders
Customer RetrievalELC ARO/Hub
Service 
Engineer 
Spare parts 
Consumables 
Energy
The direct sales channel deals with the majority of Rank Xerox’ products - the larger 
photocopiers, faxes, printers and multi-function devices. Orders are generated in the 
field or forecast and the numbers are passed on to the manufacturing plant. The 
finished products are forwarded to the European Logistics Centre (ELC) at Venray in 
Holland from where they are sent on to an entity platform. Entities are groups of 
countries or individual countries such as Northern (covering the whole of 
Scandinavia) or France. Entity platforms are cross-dock facilities meaning that they
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are run by external contractors who also handle other companies’ products too. At 
the ELC stage, nationalisation or customisation of the product may occur - the 
product may be configured to operate in Swedish for example or have duplex 
copying set as a default function. The ELC may also ship direct to the customer, 
missing the entity platform out in some cases. At the customer’s premises, the 
machine is installed and will use certain products, parts and servicing by an engineer 
involving journeys and spare parts, it will use toner bottles, cartridges, photoreceptor 
rolls, paper, cleaning chemicals and of course energy. The machine then has two 
routes when the customer no longer has any use for it - it can return to Rank Xerox 
or go elsewhere outside of the company. In its return to Rank Xerox, it will be 
collected by Rank Xerox and be refurbished by the hub operation into a second hand 
machine or it can go back to central Asset Recovery Operation (ARO) to be stripped 
down and used again. Hubs are a new scheme for the Rank Xerox supply chain and 
aim to provide a single focus in each country for the repair, local churning and ARO 
categorisation of machines, these functions are discussed in more detail later in this 
section. The other route is for the customer to dispose of the machine themselves, 
they may sell it on to the second hand market or dispose of it. This is unlikely for 
these machines as the majority (actual percentage is dependent on the local market) 
of them are leased on a contract and Rank Xerox retains ownership of the machine. 
Packaging is obviously part of this flow chart and an important consideration, but it is 
difficult to attach it to any one function. Packaging for these products is usually the 
new reusable pallets which have their own return system within the supply chain. 
However, packaging is most likely a function of the ELC.
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3.2.2 The Service Support Channel
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The products using this channel are spare parts, toner bottles, cartridges, 
reconfiguration software etc. They are produced by manufacturing as new build or in 
some cases by ARO as reprocessed articles. These are forwarded to the ELC from 
where they can take one of three routes. Two routes’ destination is the service 
engineer. One via the OpCo warehouse from where the service engineer will pick up 
what he needs from the stores. An OpCo is a country specific operating company 
e.g. Rank Xerox Switzerland, the organisation is responsible for marketing and sales 
in that particular country. The other route to the service engineer is Direct Engineer 
Replenishment (DER). This is a relatively new method which is being trialled in parts 
of Europe and aims to cut out the engineer’s journeys to the warehouse, reducing 
time and cost. The engineer places an order directly with the ELC and the spare 
parts are sent to him. However, both these routes are subject to human intervention 
and it seems impossible to cut down on the amount of dredge. Dredge is the term 
used to describe returned, unused spare parts, drawn out by the service engineer in 
anticipation of use. The third route that spare parts and cartridges may take is 
through retailers to the customer directly. From the customer’s premises certain 
impacts are created, packaging will generally be disposed of from this point, although 
the new EU Packaging Waste Regulation (DoE, 1996) aims to change this. Some 
spare parts and cartridges will be thrown away or may be sent by the customer to 
3rd party refillers. However, if the spare part is returned via the service engineer or
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collected by Rank Xerox in one of its eco-boxes, the part or product returns to ARO 
via the hub. In the UK a campaign for the return of used cartridges is called Work 
Twice, the customer places a prepaid postage label on the box and it is collected at 
ARO in Mitcheldean. There is a similar campaign in some other parts of the world 
called One World which works on the postage principle too. However, these 
campaigns are both expensive and far from the ideal solution to this necessary 
return loop.
3.2.3 The Indirect Sales Channel
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The indirect sales channel is responsible for distributing the majority of the smaller 
desktop printers, faxes and copiers. Much the same as the direct sales channel, 
orders are generated, fabricated by manufacturing and forwarded to the ELC. 
However this is where it differs. Rank Xerox then forwards the equipment to 
retailers’ warehouses as these products are sold to the end customer via a dealer 
(concessionaire) or retail outlet. During customer use the machine may be 
supported by a service engineer (may be Rank Xerox employee or not) with spare 
parts. Toner, cartridges, paper and energy will also be purchased to use in the 
machine. From the customer’s premises these products are most likely disposed of 
and the packaging certainly will be. This is a current issue to be resolved by Rank 
Xerox, ideally these products would be reclaimed by the company or its contractor 
for recycling. It unlikely that they would be remanufactured as the technology in
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these products develops very quickly and a fax may only have a lifespan of three 
years. This is an area for concern for Rank Xerox as these products represent 70% 
of the volume of equipment sold by the company.
3.3 Customer Use
► Install CollectionUseArrival ARO/Hub
Dispose
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Customer use seems a relatively straightforward part of the supply chain, however it 
is here that Rank Xerox has the least control over its products. Rank Xerox products 
use energy and encourage paper consumption, however it is the customer using the 
machine who is the variable factor here. The customer’s behaviour and the reliability 
of the equipment will dictate how much energy the machine uses, how much paper it 
wastes creating a print or a copy or a fax, how many service engineer calls it 
requires and how many spare parts are needed. Admittedly the customer is not 
solely responsible for the machine failing to function properly, but as the following 
example shows it is not unknown. A new photocopier required four replacement 
touch sensitive screens in six weeks because one customer was using a pen to tap 
in his requirements. If the customer has bought the machine then it is their decision 
what they do with the machine at the end of its life. Rank Xerox can offer incentives 
and make it easy for the customer to return the machine, but if they do not wish to 
then the machine is unreclaimable.
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3.4 The Hub
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The hub operation was briefly discussed above, this is fuller explanation of its 
function. This is one of the new changes which are currently happening to the 
supply chain organisation. Hubs will be established in each country and act as the 
focus for the return of all Rank Xerox equipment. They will be operated by 3rd party 
contractors working to Rank Xerox specifications. Teams will collect equipment from 
customer’s premises and carry out a precursory sort operation. This is similar to the 
operation at central ARO and categorises incoming equipment into certain streams 
for reprocessing to varying degrees. Machines can be repaired at the hub for local 
‘churning’ - they are returned to the local market via the operating company or by the 
ELC to other markets. Equipment can be sent on the ARO in Venray, Holland or 
Mitcheldean in the UK, from there the stripped carcasses and piece parts will be 
returned to the assembly lines, disposed of or sent to 3rd party recyclers to reclaim 
the material. Machines can also be disposed of from the hub itself or broken up and 
the different materials sent to 3rd party recyclers.
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3.5 Asset Recovery Operation
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Section 2 briefly described the history of ARO, this gives a fuller explanation of how it 
operates. Equipment may arrive from the hubs, customers, OpCo warehouses* or 
Entity platforms. Upon arrival, equipment goes through a categorisation and sort 
process. Category 1 machines are repaired and forwarded directly to the ELC for 
return to the market. Stripped carcasses and piece parts will be cleaned, resprayed 
and sent onto the assembly lines for inclusion in newly manufactured or 
remanufactured machines. If the returned equipment is old it may be asset stripped 
for the useful parts only e.g. motors, frames etc. Rank Xerox also takes back 
competitors’ equipment and it is this and badly damaged equipment which will be 
broken up and sent to 3rd party recyclers for material reclamation.
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3.6 Store
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The storage function seen twice in the top level model refers to the European 
Logistic Centre (ELC) at Venray in Holland. Inbound goods are received from ARO, 
the manufacturing assembly lines, the hubs or as dredge from service engineers. 
Products are stored as inventory while waiting for dispatch. Some products will be 
nationalised and customised while in the ELC, some will be placed on the returnable 
pallet system which the ELC is responsible for co-ordinating. Consignments of 
products may be combined to be sent together to the entity platforms from which 
they will be dispatched to OpCo warehouses or to the customer. Products may also 
be sent direct to the customer, direct to the retailer or direct to the service engineer 
via DER. The ELC may seem like the focus for all supply cycle distribution, but 70% 
of transport used by Rank Xerox is national - within countries and the ELC does not 
control this as rigorously as the international forms of transport.
The objective of this section of the report is to map the supply cycle and define the 
scope of this project. As I was building these maps, I realised that the supply cycle
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was a very large, very complex organisation which would require breaking down into 
more manageable sections before the next stage of this research process could be 
put into action. The next section of this report details what is to be done in the future 
and how it may be done.
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4.0 Future Work
The purpose of this part of the report is to explain what the next steps in this 
research process are. This work is currently in progress or about to begin.
4.1 Focus in
The supply cycle is a very large, complex organisation as can be appreciated from 
the previous sections. The more the interactions are unravelled, the more 
complicated it seems to get. Trying to produce a generic measure of environmental 
performance for such an organisation would doing a disservice to that organisation 
as it would create meaningless results. This is my main criticism of the literature 
reviewed on environmental performance metrics (see section 2.3). They are too 
non-specific in trying to create metrics for whole organisations. This may be possible 
for small, simple organisations, but that there are too many facets to the supply cycle 
for it to be meaningful.
Due to the nature of the supply cycle it touches many parts of the whole company 
and affects many processes throughout the organisation. The supply cycle is a 
common factor, along with manufacturing, for the Business Divisions and the 
operating companies. It is that part of Rank Xerox which physically interacts with 
these two other parts. With respect to this, a list of ‘business interactions’ has been 
formulated - some real effects that the supply cycle has on other parts of Rank Xerox 
overall performance and also on the environment.
Business Interactions:
» Takeback of equipment and packaging
» Transport configurations
» Economies of scale vs. transport impact
» Transfrontier shipment of waste
» Social attitudes towards business & environment
» More customers teleworking/SOHO (Small Office Home Office)
» Technology vs. reuse
» 20% equipment loss from customer premises
» Customer replaceable units (CRUs)
» Losing sight of end customer for more product groups 
» Customer satisfaction 
». Customer Waste Free Office
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» Anticipation of customer requirements 
» Service calls
» Decision making within Rank Xerox 
» DER vs. service engineer collection
As this list suggests supply cycle operations affect a myriad of other processes 
resulting in far reaching implications. For example - by not removing Customer 
Replaceable Units (CRUs - toner bottles, cartridges etc.) from a customer’s premises 
when requested could create problems with customer satisfaction and loyalty, future 
sales, lost assets in value or to a competitor. The return of assets such as CRUs is 
legislated for with the current EU Producer Responsibility regulations, it has a large 
impact on the logistics operations in the physical movement of the products,
economies of scale - collecting enough in one location to be returned with
/
requirements of space, time warehousing etc. As can be appreciated from this brief 
example, the effects are inextricably linked.
One method of choosing a focus for the remainder of this project is to examine the 
list of business interactions and discover which supply cycle processes have the 
most impact on other processes and operations and the other components of the list 
e.g. customer satisfaction. This type of methodology is similar to the quality 
management tool ‘inter-relationship digraphs’. This is a management and planning 
tool developed by Brassard (1989) as part of a suite of management tools. The tool 
allows the mapping of logical or sequential links among related items back to a 
central idea or issue. It encourages creative, multidirectional thinking, rather than 
linear thinking to be used. Affinity diagrams do much the same thing, but are more 
limiting that inter-relationship digraphs. Inter relationship digraphs are more 
structured than affinity diagrams, but still require a breakaway from normal cause 
and effect thinking. They are most frequently used when issues are sufficiently 
complex that the inter relationships between ideas are difficult to determine. The 
method by which a inter relationship digraph is created is similar to a PERT diagram 
in project planning which produces relationships between actions within a timeframe. 
This then gives a ‘critical path’ of actions which must be completed by certain dates 
in order to achieve the overall project deadline. Although there is no temporal 
dimension to inter relationship digraphs the result is similar.
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This has not yet been carried out formally to select one or several areas for future 
project focus. However some areas of supply cycle operations are already of 
particular interest. For example, the whole issue of CRUs is currently a ‘hot topic’ 
within the company. Large amounts of investment are due'to be committed in setting 
up return and reprocessing infrastructure within the supply cycle. Although, from the 
outside, this appears to be an environmental initiative (the recovery of used assets 
and the prevention of landfill), no life cycle analysis has been carried out to 
determine if recovering all the CRUs from Europe and then sending them to one 
central point to be reprocessed is actually the most environmentally responsible 
option open to the company. This is due to the fact that managers making these 
decisions currently have no means of finding out what impacts their decisions have 
on the environment, so they use those measures that they do have which 
concentrate on the economic performance of the project.
Other areas of interest are tracking a product component e.g. the plastic door cover 
of a photocopier through the supply cycle to see where the material goes. This 
forms in effect a mass balance type equation for plastic photocopier doors.
Packaging is also an issue for great debate at the moment. The company has been 
very proactive in its work on packaging already (see section 2.1), but new EU 
legislation could completely change how the return of packaging is operationalised 
and forces product areas currently not concerned by packaging to be concerned 
(e.g. those product groups which are indirectly supplied). The supply of spare parts 
to service engineers is another area which could yield interesting results from the 
environmental perspective. There are currently two systems in place, neither of 
which are deemed to be totally satisfactory. Direct Engineer Replenishment (DER) 
does not work as it should, this is demonstrated by the amount of ‘dredge’ 
generated. This significantly increases the transport mileage of that spare part and 
has implications for employee satisfaction, customer satisfaction, warehousing 
requirements, JIT delivery and manufacturing demand and cost. Other topics 
currently being discussed at Rank Xerox include: the position and function of local 
hubs, the future of Asset Recovery Operations, the 20% of machines currently 
‘disappearing’ from corporate line of sight after customer use and the changing 
nature of the market place with more SOHO (Small Office, Home Office) workers.
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4.2 Methodology
As the above sections in this report have demonstrated, the supply cycle is a good 
case study for the development of environmental performance measures. The time 
for this is favourable as both Government and the academic establishment are 
leaning towards the creation of indicators of environmental impact and the 
concentration on supply cycle issues such as transport. However taking the whole 
supply cycle as a case study is not workable due to its size and complexity.
Therefore smaller sections of its operation need to be identified so that manageable 
amounts of data are generated. The identification of these areas is the first next step 
in this research process and has been described in the preceding section.
After suitable areas of the supply cycle have been identified then the next stage of 
the methodology can be implemented. In each area the environmental impacts and 
burdens will be determined and quantified were possible. Factors will be built in 
which encompass the social impact of the operations, customer preferences, 
employee satisfaction, future change which may affect the area of operation. These 
will be weighted according to the stakeholders’ perceived importance. Current 
decision making methods will then be encompasses into the overall approach such 
as financial feasibility, legal requirements, customer satisfaction, return on assets. 
This overall approach to decision making will then be tested on those areas identified 
above and other areas of importance in supply cycle operation. The whole process 
will be reviewed and updated or improved as necessary.
The final outcome of this research should be an approach to decision making which 
‘internalise the externalities’. That is to say, encompass areas affected by the 
decisions made which are currently left unaccounted for. The approach will be life 
cycle in scale, following the on-going costs into the future wherever possible. It will 
allow Rank Xerox to understand the full cost of decisions made by incorporating 
wider issues such as social impact, customer perceptions, employee satisfaction and 
attempting to set the decisions into the context of the future. Current environmental 
performance metrics attempt to do incorporate factors other than compliance, 
financial feasibility etc. but fail, usually due to unscientific weighting strategies. This
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project, in creating an environmental performance metric for the Rank Xerox supply 
cycle, aims to address this problem.
This section has demonstrated that the supply cycle is continually developing and 
changing and that the time is ripe for the introduction of environmental performance 
measurement. The example of all European CRUs being sent to one centralised 
location for reprocessing is a case in point. The managers making decisions about 
these issues have no means of knowing what the environmental impacts of their 
decisions are. At the outset, CRU recycling appears to an ‘environmentally friendly’ 
option, but due to the logistics and economies of scale which are being built into this 
project, it is unclear whether there will be a net environmental benefit.
4.3 Gantt Chart
For the purposes of planning and apportioning time as effectively as possible, I have 
created a Gantt chart and included it with the report. There are several actions and 
events which are definite and these have been schedules alongside those less well 
defined actions. The next steps in the research process are relatively easy to 
identify , but difficult to place time scales on. However, the process is likely to be an 
iterative one based on sound management practices such as Plan Do Check Act. By 
using this strict reviewing procedure this research project will continue in a logical 
and thorough manner.
5.0 Conclusion
‘In the future it is not companies that will compete, but supply chains’ - Professor M. 
Christopher (1996) speaking at the annual Institute of Logistics conference was not 
referring to the environment when talking of the future of supply chains, but this is 
one aspect of supply chain management which can contribute directly to its 
competitiveness. This report has detailed the reasons for positive corporate 
environmental action and suggests that the time is right to introduce this to supply 
chain management. The overall objective of this doctorate project is to create and 
test a measure of environmental performance for use in supply chain organisations 
which will allow senior management to make more environmentally conscious
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decisions. The supply cycle is an important organisation within Rank Xerox, it is a 
proactive organisation and is currently in a state of change. Therefore this is a good 
time to become involved in the decision making process of the supply cycle. 
Managers are unable to know which processes are the more environmentally sound 
as they have no means of judging ‘environmental soundness’.
The scope of the supply cycle has been described and the boundaries of the system 
have been defined. However, it is apparent that these are still too far apart to be 
workable and through the use of quality management techniques it will be possible to 
focus in on core areas requiring attention. The report has reviewed current practical 
and theoretical measurement models and concluded that there is no one measure 
which can be effectively used for the purposes of this project. Therefore it seems 
that a tailor-made measurement methodology is the solution which specifically meets 
Rank Xerox' needs.
The future of this project will take a life cycle approach to environmental problem 
solving/discussing issues from a cradle-to-grave perspective. Rank Xerox already 
recognises that the environment has an important role to play in future business 
development. Evaluating decision making from the environmental perspective will 
provide greater opportunity for the greater understanding of how the company how 
may reduce its environmental impacts both now and in the future.
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6.0 Glossary of Acronyms and Terms
ARO - Asset Recovery Operations
Concessionaire - (similar to a franchisee) licenced to sell Rank Xerox products
CRU - Customer Replaceable Units - a generic term for toner bottles, cartridges etc.
DER - Direct Engineer Replenishment
ELC - European Logistic Centre
Entity - a group of OpCos (geographically defined)
Hub - a central point for distributing and recovering equipment from the market place 
Mitch - Mitcheldean - the UK manufacturing plant, Venray is in Holland 
OpCo - Operating Company - the sales organisations 
Platform - a warehouse operation
SOHO - Small Office, Home Office (a marketing classification)
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Kirstie McIntyre
EngD2 
April 1996
18 Month Report
1.0 Introduction
This report builds on previous reports in that it outlines the development of 
ideas surrounding the question of the supply chain and the environment. It 
also details a current hypothesis for the research and plans ahead for the 
next 6 to 12 months. In the report I am also aiming to explain why notions of 
social as well as environmental responsibility are to be included in this study 
of the supply chain. The last 6 months have been a development in ideas 
and the direction of my general research and its thesis. It has not deviated 
from those basic ideas discussed in the 12 month report, but has built and 
expanded upon those concepts to take them further. Earlier in this 6 month 
period, I developed a broad thesis for my research; that the supply chain’s 
environmental performance could be measured and improved (see Appendix 
A for fuller explanation).
With respect to Rank Xerox and as a consequence of disseminating a 
document showing the added value of my study to the company (Appendix 
B), I have gained a lot of senior management interest and endorsement of my 
ideas and work. The research is given yet more meaning from the business 
perspective as I am aiming to develop it using Xerox Business Architecture as 
a framework (Appendix C), the purpose of using the framework.as a rough 
guide is to enable senior management to more clearly appreciate its added 
value and bring it into line with established business practices. I intend to 
fully identify where Rank Xerox benefits from my work in a later report, 
however I recognise that the environment has to improve productivity, add 
value to the products and motivate its employees for it to be true value. 
Neither must it take the form of preventative environmental management or a 
command and control style of management, Rank Xerox will always want to 
control its own corporate direction.
2.0 Environmental and Social Responsibility
Within the company it is realised that Rank Xerox must go beyond 
compliance if it is to maintain its current leadership position related to the 
environment. It is important to show that the company is not only 
concentrating on short term gain, but has a clear picture of its future role and 
plans to develop accordingly. One way of maintaining this leadership status 
is to extend the understanding of the supply chain environmental impacts to 
include the social implications of operations and processes. This then 
incorporates the third part of the concept of sustainability; important as the 
company is aiming to achieve sustainable business development in the long
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term. As recently suggested sustainable business development is not simply 
efficient, it involves not just examining what the organisation is doing but 
whether it should be doing it in the first place. Just because an activity is 
feasible doesn’t mean it’s desirable. Society places value on the environment 
and in turn influences companies such as Rank Xerox to act in certain ways.
In purely economic terms no company would consider the environment 
because they are too focused on short term gain, it is society that places a 
value on the environment and says that companies have to too. There are 
two angles worth contemplating in the concept of social and environmental 
responsibility: - the company acting responsibly towards society and society’s 
impact on the company. Without society the company will not function 
because there will be no for and no value placed on its products. Therefore a 
deeper and more complex understanding of the wider societal values involved 
in environmental decision making is required (McCulloch & Moxen, 1995).
Other companies such as IBM and the Body Shop are already beginning to 
consider such concepts and this work has to be reviewed with respect to its 
application to the Rank Xerox supply chain. The supply chain itself will 
become increasingly important at Rank Xerox as the focus of the core 
enterprise switches from manufacturing operations to the supply chain. This 
means that some way ahead in the future, manufacturing will stand alone and 
manage its own operations whereas the supply chain will remain integral to ‘ 
Rank Xerox. There is justification for looking into the social as well as the 
environmental impacts of the supply chain operations. Shell UK’s corporate 
affairs director is recently quoted as saying: ‘Brent Spar looks like being a 
defining moment in our thinking about environmental issues and the ways in 
which we relate to our customers. In hindsight, the scale of consultation, 
being confined to the UK, was less than adequate and the extent to which we 
were listening and understanding was insufficient - particularly as regards 
attitudes to waste disposal in continental northern Europe’.
Although Rank Xerox is not in the petro chemicals industry, it is a 
multinational competing in an increasingly saturated market. It relies on 
customer satisfaction to maintain its high profile among users of its 
equipment: a company that can show that it knows it is answerable to the 
average citizen engenders a lot of goodwill. Indeed, raising customer 
satisfaction is targeted as a Xerox-wide goal for 1996 (Allaire, 1996). For 
Shell, the only successful outcome for the company now is to be perceived by 
their customers as doing the right thing. As The Economist noted, in the 
future, good firms will have to listen hard and explain even harder (Greener 
Management International, 1995).
One way of examining the supply chain social and environmental 
responsibility is to approach the problem from a processual perspective, 
mapping the processes, not the products. The reason behind this approach 
and not using a product oriented one is that there is a huge range of 
products, the markets are very widespread and there would be a danger of 
having too much information and generating enough understanding. So I
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approach this problem from a high angle, looking at the complete picture to 
get more of a bird’s eye view - not lacking in data, but not getting lost in detail. 
It is easier to look at the supply chain from a distance because of the 
dispersed nature of its operations and should give a more global view and 
understanding.
Following this systems approach I have completed the first part of the scoping 
exercise, identified in the 12 month report, with the supply chain. I visited the 
main supply chain operation in Venray, Holland and have covered much of 
the process, indicated in the diagram below (bearing in mind that acquire, 
store and build are not part of the remit of this study).
STORE. BUILD DISTRIBUTE.
ACQUIRE
Rank Xerox 
Supply Chain INSTALL -
STRIP REMOVE
Although this work has yet to be written up formally , it has defined the 
boundaries of many of the operations within each of these components. Also 
this diagram is not exhaustive, there are many attached and associated 
management operations such as Human Resources, Materials Sourcing and 
Management which are not clearly identified on this diagram because they 
are involved at all points of the supply chain operation.
However discussions with managers from each of the operations indicated • 
raised several points which have relevance to this research work. The main 
conclusions of these are:
• It is of paramount importance to understand out impacts on the 
environment and society
• We must be ready for the questions that may come from any sector of 
society
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• We must remain ahead of our competitors and take advantage of this 
leading edge
• Be ready to adopt any appropriate new technologies or stratagems
• Develop meaningful measurements which everyone can understand
• Inform our stakeholders of our work
• Create a good public image backed up by real facts
Mapping the impacts of the supply chain would appear to be where the 
solutions to the above points will come. Logistics is a relatively new area with 
many new concepts being developed which the company is anxious to remain 
abreast of.
At present, most equipment is moved using the Just In Time principles, but 
other methods such as the Hub concept, Value Added Logistics Operation 
(VALO), Direct Engineer Replenishment (DER) and the Alpha/Omega 
concept are being discussed. These would all change the way in which 
products are transported out to the .customer and the way that old carcasses 
are returned and dealt with. There are also different ways in which the supply 
chain can be configured - at the moment there are 4 logistics routes in 
operation:
1. Direct channel (equipment is shipped straight from the assembly line to the 
customer’s premises)
2. Indirect channel (equipment is sent to concessionaires, dealers, shops 
etc.)
3. Service support (consumables, spares and replacement parts sent to 
service engineers in the operating companies)
4. Returns channel (the means by which products are reclaimed from the field 
and brought back for remanufacturing).
The type of product determines which of the channels it normally uses (there 
are always exceptions). For example, the low end printers are nearly always 
sent through concessionaires and dealers - through the indirect supply 
channel. This means that Rank Xerox basically loses control of that product 
once it is delivered to the store. Although this type of product only accounts 
for 10-20% of revenue for the company, it accounts for 50-60% of product 
volume and this number is set to increase as the company is moving into this 
market more strongly over the next few years. This has profound implications 
on product takeback and Rank Xerox’ product stewardship record. The 
supply chain can contribute greatly to the return of these products (which on 
average have a lifespan of 3 years) at least to a point where they can be 
broken down for recycling. These machines are much smaller and the 
technology in this market develops very fast: there would be no value in 
returning outmoded and unusable technology to the Asset Recovery 
Operation in Holland. If the hub concept is implemented for example, it could 
provide a platform where machines are disassembled for third party recycling.
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The example given above shows how corporate strategy has a profound 
effect on the supply chain operations and indeed the whole concept of 
product takeback as Rank Xerox currently knows it. Finance and how 
revenue is circulated through the corporate system has also created some 
difficulties with asset management and recovery. This indicates that it is not 
the product itself that is the most influential factor in the company’s 
environmental impacts but its strategies, processes and operations.
Therefore it is quite important to determine what happens if those strategies 
and processes and operations are changed as they will alter the company’s 
overall environmental effect. It is also understood that careful measurement 
and sound science are only part of the picture when attempting to make 
practical and acceptable environmental decisions. The expectations or 
values held by key groups within society may also play a role insensitive 
environmental decisions. It is these 2 factors, of scientific measurement and 
cultural expectation that I hope will develop from my investigation into the 
supply chain operations.
I hope to have shown from the above discussion that my research is very 
much on a strategic level and is really about how a company does business 
now and in the future. It has become more theoretical and forward looking 
than originally planned and it is encouraging to know that Rank Xerox senior 
management recognise that it is a profitable business which passes the test ' 
of ecological and social sustainability that is likely to form part of a sustainable 
society.
3.0 Future Developments
The projection into the next 6 to 12 months is as follows: There is 
increasingly a need to exactly define where this project makes its original 
contribution to knowledge, I need to develop academic proof of the validity of 
this study. For myself I have to further extend my understanding and overall 
picture of the supply chain. This is a continual process of meeting those 
managers responsible for any processes which affect the supply chain and 
build the information into my ‘bird’s eye view’ of the organisation. I wish to 
explore potential mapping and modelling possibilities - including looking at 
current programmes, new programme development in a collaborative sense, 
and also discussing the parameters which would be required by these sort of 
programmes. Another facet which would be interesting to investigate to judge 
where it would make a contribution to this project is trend analysis. I would 
discuss strategic trends in the company and in business in general, 
environmental trends, societal trends and technological trends. This sort of 
analysis should allow a greater understanding on what is happening in the 
world outside of Rank Xerox and put the study into the wider context of 
society. Following on from this , it would be necessary to examine both 
society’s impact on the business, the public’s perception of the company and 
company’s effects on the public. This will inevitably affect the way that the 
company perceives itself and how it interacts with the external world.
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Preliminary discussions suggest that people’s perceptions depend on which 
part of the company they are in contact with.
4.0 Other Research
The paper concerning the process of environmentally organisational change 
undertaken by myself, Zoe Jackson and Tima Bansal is progressing 
according to plan. We have had training in a database management system 
(Access) to enable the development of a common, easily used database.
This has been designed and the type and amount of data to be collected has 
been decided upon. The general theories and underlying assumptions were 
agreed within the group and we have reached a common understanding of 
our aims and objectives (see abstract in Appendix D). Collection of data has 
now been underway since January 1996 and we are in the process of 
receiving feedback from Tima on that. Several conference calls with Zoe and 
Tima have been made to discuss some confusion that arose over issues, 
data collection and processing and writing papers. A questionnaire is now 
being formulated and managers in both companies have been identified to 
interview. This will add richness to the data collection and serve to confirm 
any conclusions drawn so far.
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Appendix A 
General Research Hypothesis as written December 1995
Kirstie McIntyre 
Research Hypothesis 
December 1995
THE INCORPORATION OF ENVIRONMENTAL CONSIDERATIONS INTO 
THE RANK XEROX SUPPLY CHAIN
Background:
The Rank Xerox Environmental Leadership Programme is the process by 
which the Rank Xerox corporate environmental goal of waste free products 
from waste free facilities is achieved throughout the organisation. The 
programme currently concentrates on two main areas: Design For 
Environment (DFE) - a well advanced product life cycle project driven by 
Xerox in the States and the Asset Recovery Operation (ARO) - an important 
leadership operation for Rank Xerox which in 1994 lead to a reduction in the 
cost of virgin materials to the value of $69.5M.
One of the most critical areas within the product’s life cycle is that of the 
supply chain (SC). It is responsible for ensuring that the right machine is 
delivered to the right customer at the right time, is serviced and maintained 
according to their specifications and returned to ARO at the manufacturing 
site once it is no longer useful to the customer.
Proposition:
The focus of this research programme is the SC (omitting DFE). The aim is 
that Rank Xerox sustains its leadership status in the long term while its 
competitors start to close the gap in terms of asset recovery. In order to do 
this the SC’s environmental performance needs to be measured and 
assessed, creating feedback loops of information which enable continual 
improvement.
Subsidiary questions to this main hypothesis are as follows:
• Can the environmental performance of the supply chain be measured?
• Can the environmental performance of the supply chain be improved?
It would be useful for generic conclusions to be drawn from this work that it 
might be validated as representative of other organisations, both internal and 
external to Rank Xerox.
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I suggest that it is feasible to carry out his project by extending the Quality 
ethos of the company. Rank Xerox is a ‘quality’ company - meeting customer 
needs is a prime focus and I propose that it is practicable to build on this 
pervasive understanding, allowing the environment to be understood in the 
same way.
As Quality has progressed from inspection to Total Quality Management, I 
maintain that there are parallels to be drawn with the way that the 
Environmental Leadership Programme continues to move from clean up 
technology to cleaner technology and that these two facets will now converge 
to become the new way to do business.
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Appendix B
Document presented to gain senior management buy-in at Rank
Xerox
The Supply Chain And The Environment
Environmental programmes currently extend throughout the manufacturing 
operation and are now being integrated into the office side of the business. It 
was the supply chain that began the far reaching environmental projects of 
ARO and Corrupad, but these initiatives now need to be extended so that 
their ethos becomes pervasive in the SC.
The further incorporation of environmental considerations into the SC fulfils 
the following criteria:
Strategic for SC
Raises the profile of the SC (future core enterprise)
Decision making
Future of the SC - how it is going to develop (hub, JIT, Alpha-Omega 
concepts, VALO)
Meeting customer needs - customisation and nationalisation, CRID 
Quality/Efficiency/Resource productivity 
Environmental benefits = financial savings
Objectives
Currently few metrics - sketchy
Incorporation into the environmental report - on a par with manufacturing 
Managing by Fact and For Results 
Not just waste reporting 
SC objectives
Leading Edge
Companies are still concentrating on their supplier partnerships for their 
environmental input into the SC
Treating ourselves as the supplier to out internal customers - setting higher 
standards to meet their needs
Supply chain is the up and coming topic environmentally 
Benchmark work internally and externally
As much as BEC has been leading edge for validating the SC as a process, 
incorporating the environment as a business driver is too (certification?)
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Appendix C
Xerox Business Architecture showing that part related to supply
chain management
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Appendix D
Abstract of research work being carried out with Zoe Jackson and
Tima Bansal
The Process Of Environmentally Responsible Organisational
Change
Abstract
In recent years, corporations are responding more proactively to eco- 
environmental concerns. The process by which they are responding and the 
reasons remain unknown. We must uncover this information in order to 
facilitate the effective development of business and government policy.
At the heart of our research is the desire to uncover the most effective 
mechanism in inducing environmentally responsible change within 
organisations. The two most frequently cited mechanisms for change are 
market based incentives or command and control measures. Although the 
two are inextricably linked, they generate significantly different government 
policy measures. Market based incentives directly influence the profits of the 
corporation. Carbon taxes and tradable permits are products of these 
policies. Alternatively, command and control have been applied largely 
through legislation and regulatory measures. The failure to comply to these 
pressures could result in heavy fines, and legal sanctions which could 
threaten the survival of the firm, the European Community has relied heavily 
on the development of regulations in order to achieve harmony between the 
actions of business in member states.
Between these two extremes are the pressures imposed by stakeholders 
such as employees, customers and the local community, these stakeholders 
can affect the bottom line of the organisation, and the failure of the firm to 
respond to stakeholder concerns can result in social and financial sanctions. 
As yet, the government has not yet fully exercised the policy options 
available. For example, the government could mobilise change through these 
stakeholders by empowering them with greater information.
To be able to identify the reasons for environmentally responsible change 
within corporations and the processes by which it occurs, we must be able to 
answer some specific questions pertaining to the change process. Some of 
the questions include: Ion what ways are firms changing? Are firms 
responding to internal drivers or external stimuli? What analysis are 
managers applying in deciding to reduce environmental impacts? Do 
different types of external stimuli generate different responses?
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Two major UK corporations have agreed to participate in our study: Rank 
Xerox and Hewlett Packard Ltd. We will be observing changes within these 
two companies over the period of three years from September 1995 to 
September 1998. These two companies have agreed to each support a 
researcher who is working towards a doctorate in environmental technology 
while she simultaneously assists the corporation in environmentally related 
tasks. Each researcher will monitor the metamorphosis of her respective 
company. She will capture information about the type of changes, the 
antecedents to the change, the analytical tools applied in making the change, 
and the external and internal conditions of the firm. The information gathered 
will be gathered through observations made on the job, through informal 
discussions with other staff members and through semi-structured interviews 
with management.
We will aim to publish the study in a high quality academic journal. Any 
publications generated from this research Will require dispensation from the 
company. Sensitive information about the company will not be disclosed.
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End of Year Report
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CONTEXT
STAKEHOLDERRESEARCHER
SUBJECT OF 
STUDY
RESEARCH
QUESTION
Research Question: How environmental considerations may be further incorporated 
into the Rank Xerox Integrated Supply Chain
Subject of Study: Rank Xerox ISC and the Environment
Researcher: Kirstie McIntyre
Stakeholders: Rank Xerox, EPSRC, Surrey and Brunei Universities
Context: Sustainable business development/continual environmental
improvement?
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AIM: To provide management with quality information for making
environmentally responsible strategic decisions.
j
CONTENTS:
1.0 Background
2.0 Introduction
3.0 Methodology
4.0 Scoping
4.1 What is the Supply Chain and what does it do?
4.2 Where is the Supply Chain and who works for it?
4.3 What are the environmetnal impatcs of the Supply Chain?
5.0 Other projects
5.1 Work with Zoe Jackson and Tima Bansal
5.2 Waste Free Office
1.0 BACKGROUND:
The first six months of this EngD project were spent orienting myself within Rank 
Xerox, finding out what the company was doing with respect to the environment.
The project specification as it was originally written was no longer valid and 
consequently it has taken much longer to identify where my contribution can be 
made to the company with enough academic and technical input to satisfy the 
requirements of the programme.
The six monthly report contained in this portfolio details some of the background 
information that I needed to understand in order to begin identifying where the Rank 
Xerox Environmental Leadership Programme had not yet focused its efforts. I am 
considered an integral part of that programme and have much to contribute to its 
institutionalisation within the company.
This annual report details the work that has been carried out over the last six months 
and work that will be carried out in the future. It is a scoping document, laying out 
the future of my research at Rank Xerox. The above diagram summarises the 
outline of the project and sets the scene for the next three years.
2.0 INTRODUCTION:
Rank Xerox cannot be wholly altruistic about the environment, no business can; it 
has a share in a highly competitive market to defend and stakeholders to satisfy.
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However, the environment should not be seen as an extra facet to decision making, 
but as an integral part. Therefore managers need to have access to the right 
information in order to make trade-offs between certain factors in their decision 
making processes.
An area that has not yet been fully considered in the Rank Xerox Environmental 
Leadership Programme is the supply chain (SC). This area, for the purpose of this 
study, will encompass all parts of the company’s business starting from the product 
leaving the assembly line, through customer use, to when it returns from the field for 
reprocessing.
Therefore the remit of this research is to understand all the environmental 
implications of the total supply chain process and provide managers with the 
necessary information to make the most environmentally responsible decisions that 
they realistically can.
3.0 METHODOLOGY:
‘How will environmental considerations be built into the supply chain?’
The questions that arise from the above main research question are as follows: '
=> What are the environmental burdens of the SC?
=> How do we decide which of those environmental burdens are the most damaging 
and therefore the most important to tackle in the case of Rank Xerox’ business?
=> What can be done to minimise and then negate this impact?
=> How does this affect the company?
=> How do we develop metrics for monitoring and measuring the impact and its 
continual reduction, and therefore improvement in Rank Xerox’ environmental 
performance?
In order to understand the environmental implications of the supply chain process 
there are a number of steps which need to be taken:
1) Divide the supply chain into its component parts.
2) Carry out a scoping exercise to define the boundaries of each of the 
components and the whole process.
3) Develop a ranking system so that the most environmentally significant 
components are identified and prioritised.
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4) . Within each significant component:
*Decide what needs to be known
*Find out what can from existing (internal) documentation
interview  those relevant people
investigate current (industry) best practice
identify  environmental burdens
*Quantify (as far as possible) effects (develop metric)
*ldentify areas for improvement 
*Develop performance indicators
The above list comprises of a situation analysis which should define current state 
and a gap analysis to reach the defined desired state.
Notes:
Quantification refers to both quantitative and qualitative (multicriterion) data as some 
aspects are not readily numerically quantified and numbers can often cloud the 
issue.
The analysis should be structured to find out what is most applicable to those 
making strategic decisions i.e. adapting the performance indicators already familiar.
Value of this investigation is that it should yield benchmark work and enable the 
company to further understand and minimise its environmental impacts.
Methodology of the study should support the Quality principles of Rank Xerox - 
Managing By Fact (MBF) and Managing For Results (MFR).
4.0 SCOPING:
By using the methodology above the project is broken down into more manageable 
units from which the following more basic questions can be addressed:
• What is the supply chain?
• What does it do?
• Where is it?
• Who works for it?
• What are the inter-relations between the supply chain and the rest of the 
company?
• In its operations, what are the environmental impacts?
The rest of this report hopes to address some of these problems.
In order to ensure that no parts of the process are missed, I have decided to adopt a 
systems approach to analysing the supply chain. Using this approach, organisations 
are represented by their Vision, Inputs, Throughputs and Outputs (VITO). The
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addition of Vision to this sequence reflects the values and goals of the organisation 
which are critical to strategic management. As a whole this approach should cover 
all the key aspects of the organisational operations of the supply chain.
4.1 What is the supply chain and what does it do?
The mission of the RXSC is to provide leadership manufacturing capability, 
components, products and strategic services including planning, acquisition, 
distribution and recycling of all assets to the Business Divisions and customers.
As mentioned above for the purpose of my research I am taking only the supply 
side and not the manufacturing capability as my focus. The reason for this is that 
a lot of environmental improvement has already been achieved with the 
manufacturing sites and my study would add little value to that.
The Supply Chain organisation consists of groups responsible for the planning and 
distribution of both spares and finished goods from vendors and suppliers, through 
manufacturing plants to installation at the end customer as well as the return and 
recycling of assets.
The departmental groups within the supply chain are:
Parts and Supplies Planning - responsible for the purchase of all spares required 
by engineers world-wide.
Customer Supply Assurance - responsible for planning the finished goods of each 
manufacturing site as well as non-European sourced equipment.
European Logistic Centre - responsible for distributing spares and finished goods 
world-wide
Customer Logistic Support - provides a customer service function linking supply 
chain customers and their suppliers. Also responsible for data integrity for all SC 
systems.
Asset Recycling - develops strategies for product recycling, remanufacture, parts 
repair and asset strips, aiming to maximise the benefits obtained by recycling in 
terms of return on assets.
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This project will also take into account the service function of a machine’s life, _ 
that is calls by service engineers to customer premises. Although this is not 
strictly part of the SC, it is felt that this an area which needs further investigation 
from the environmental perspective. The diagram above represents the SC as 
defined by the SC organisation. Consequent diagrams will include the service 
function.
4.2 Where is the supply chain and who works for it?
The supply chain is present at all locations within the company. Many of its 
administrative and analytical staff are based in Marlow, but its main functional 
areas are located at the manufacturing sites. Service engineers are situated in 
the operating companies throughout the world. The chart overleaf details the 
. most senior level of staff working in the SC organisation.
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4.3 What are the environmental impacts of the Supply Chain?
SCHEMATIC OF THE RANK XEROX SUPPLY CHAIN
ACQUIRE
STORE
BUILD
DISTRIBUTE
INSTALL
SERVICE
REMOVE
STRIP
RECYCLE
ACQUIRE
(Dotted line indicates where, in the cyclical process of the supply chain, this project 
starts)
The diagram above represents an ‘A level’ plan of the future of this project. From 
this schematic, areas for further investigation can be identified. The following 
diagram builds on this first by distinguishing some of the basic inputs and outputs 
of each of the SC components. In the next six months these will be further 
elaborated upon giving rise to a detailed register of effects for the SC and allowing 
the identification of areas for subsequent study.
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This diagram is by no means exhaustive and requires much more work before it 
will be complete. The terms used in this diagram will nedd rigorous definition and 
further diagrams will ensue, developing each of the companents pictured above.
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However this daisgram dies give a pictorial overview of the future of the EngD 
project at Rank Xerox and provied a clear indication of its direction.
The 1995 strategic direction for the RXSC is focused on two vital areas: growth 
and productivity. These are then supported by goals and strategies for their 
achievement. There are several examples of these laid out in the RXSC Blue 
Book which I believe will support my work and persuade people within the 
organisation to endorse it.
5.0 OTHER PROJECTS:
5.1 Work with Zoe Jackson and Tima Bansal:
Aim: To understand the way in which external environmental stimuli influence an 
organisation’s reaction to the environment.
This work which is to take the form of a longitudinal study at Rank Xerox and 
Hewlett-Packard, will attempt to track the way in which a large multinational 
organisation reacts to external environmental stimuli (e.g. Brent Spar or the 
German packaging ordinance). In order to narrow this potentially very large and 
complex area of research we will track reaction with particular reference to office 
electronics - a market that both companies are involved in. My role in this research 
is to identify and track any influence concerning environmental matters related to 
the way in which Rank Xerox may modify its business strategy in the laser printer 
sector. Tima Bansal has recently completed her PhD at Templeton College,
Oxford University and is currently a lecturer at Georgia State University, USA. Her 
research focus is in the areas of business strategy and the environment, 
institutional theory and organisational change. She will provide the necessary 
literary backup and framework for the project.
The value of this project to my research as I see it is as follows:
A better understanding of another company product and processes.
Contact with more people, both internal and external to the company.
More research skills directed by an experienced researcher.
Exposure to wider environmental issues.
Experience of collecting, managing and interpreting data.
Understanding and characterising how the external world influences the 
company.
There are several aspects of this project which will enhance my own research 
within the EngD programme. It also widens the scope of my understanding by 
involving another company and another researcher.
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5.2 Waste Free Office:
This is a joint project between Environmental Affairs, Facilities Management and 
Environment, Health & Safety which is currently being prepared for launch as a 
pilot project in the UK. This follows on from the Waste Free Factory campaign that 
has been implemented successfully at the manufacturing sites. The aim is to 
produce waste free products and services from waste free facilities and apply this 
to the whole company. Waste at office sites includes issues such as paper, 
packaging, municipal (kitchen) waste, cans, bottles, plastic cups etc. as well as 
energy efficiency, resource productivity and decreasing resource consumption.
Work to date has included the implementation of a waste paper segregation 
system which has affected nearly 2000 people so far. This system was aimed at 
maximising the benefit that Rank Xerox could extract from one of its waste streams 
(around 3 tonnes of waste paper are produced by 1000 staff at head office in 
Marlow every week). However the project is not as successful as was hoped and 
plans are being formulated to get people to ‘own their own waste’.
Paper may seem a trivial place to start in managing our waste, as paper itself is 
strictly a renewable resource, but some of the chemicals used in its production are 
not. The waste free office campaign is not just about the way that people throw ' 
things away but trying to get people to become more responsible for the waste ‘ 
they produce and the disposal methods that they use. Eventually a reduction in 
waste creation is required. The campaign aims to raise the environmental profile 
of the company both internally and externally and reduce the overall environmental 
impacts of the Rank Xerox administration centres.
Future work within this project will include further communication to employees, the 
development of metrics, to judge improvement, expanding the campaign to other 
sites around the world and increasing the topics covered by the campaign to 
include other issues of waste generation and management. I am currently setting 
up a sub-project of this in conjunction with the Special Environmental Engineering 
(SEE) BEng group at Brunei with Rita van der Vorst. Second year students will be 
able to carry out some ‘real’ project work which will add to their degrees. With 
respect to my research, the WFO campaign and this sub-project gives me access 
to yet more resources within the company, management experience with the 
students, an understanding of the complexity of changing the way that people do 
things, an insight into how people react to change, development of communication 
skills and a focus in the office/service based side of the company.
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1.0 Introduction:
Rank Xerox is the UK based joint venture between the Rank Organisation pic and 
Xerox Corporation in the USA. It supplies document management products 
(photocopiers, printers etc.) and solutions (software tools) to customers in over 80 
countries world-wide. In support of this it has research and development centres in 
France and the UK, manufacturing plants in the Netherlands, France, Spain and the 
UK in Europe, India and Egypt elsewhere in the world. It employs 26 000 people 
and has a turnover of £3.1 billion.
The company has a long history of environmental awareness and has repeatedly 
demonstrated the commercial viability of the reuse and recycling of assets. The 
track record of environmental achievements began in the early 1960s with the 
recovery of environmentally sensitive components such as photoreceptors and 
continued through with the proactive replacement of hazardous materials such as 
chlorinated solvents and PCBs in equipment, service materials and manufacturing 
processes. Environmental activities are brought together under the Environmental 
Leadership Programme which sets strategic goals and is the main focus of my 
project.
The following chart shows where I, and the recently formed Environmental Affairs 
Group of which I am part, fit into the organisation. Although we come under the 
auspices of Group Resources for Rank Xerox Limited, the group acts as a consulting 
team to any part of the company that requires technical environmental support, from 
manufacturing to sales.
2.0 Environmental Pressures:
The environment is becoming increasingly central to business strategy and in my 
.view will become (in the near future) the main product differentiation enabler as 
quality was in the Eighties. Environmental pressures continue to grow both in 
number and strength and it is the forward-thinking companies who are taking 
advantage of them, seeing them not as threats, but as opportunities. Pressures that 
Rank Xerox has faced in the past, continues to face now and will undoubtedly face 
in the future include:
2.1 Regulation and Legislation:
From both national and international sources, the company has to respond rapidly 
to all kinds of legislation and regulation. For example, the Transfrontier Shipment 
of Waste Regulation No: EU 259/93 has insisted that all ‘waste’ be categorised 
into green, amber and red streams according to their potential to cause damage to 
the environment. This has affected the centralised asset recovery process that 
has been established throughout Europe and has necessitated much work on 
behalf of the company. From legislation there is always the threat of liability, 
especially concerning operations carried out in the past before environmental 
legislation came into being. Disclosure of such operations and their consequences
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is required for an environmental report, for example, to have credence, but in the 
light of the Eastern Counties Leather v. Cambridge Water Company ruling last year 
( ‘strict liability would apply if damage could be reasonably foreseen’), companies 
tread a very fine line between admirable honesty about their mistakes and being 
taken to court for them!
2.2 Customers and Employees:
This group includes the most important stakeholders in the company as the 
employees’ attitudes towards the company have direct effect on the customer. 
Increasingly many people are now concerned about the environmental 
performance of the company for whom they are working. Although the rate of 
organisational change overall can be slow, employees form the most important 
group to target when trying to obtain ‘buy in’ into schemes for change. Much 
change within organisations is brought about by customer requirements and Rank 
Xerox is hoping to pre-empt those requirements and raise industry standards 
through its environmental leadership programme and leadership through quality 
principles.
2.3 Competition:
The environment in the past has been seen as a threat to market share as some 
companies have skimped on their environmental protection measures, but Rank 
Xerox sees it as an opportunity to increase their standing in the market. Rank 
Xerox’ strategy for the environment is called the Environmental Leadership 
Programme and the company has taken quite an aggressive approach to 
becoming one of the leaders in environmental affairs in the office electronics 
industry. Its corporate goals are customer satisfaction, employee motivation and 
satisfaction, market share and return on assets, all of which are supported by 
environmental goals.
2.4 Public Perceptions:
This is crucial to company success in the market place. A large company such as 
Rank Xerox attracts a lot of attention, both from the general public, but also from 
the media who shape public opinion. There are many different types of ‘public’ out 
there and all of them are potential customers of the company, whether they be 
shareholders, users of our equipment, members of pressure groups or 
governmental organisations. Another aspect of the public are financial institutions. 
Some banks will only extend loans to environmentally responsible companies and 
recently the Co-Op bank has started to advertise that it only makes 
environmentally sound investments on behalf of its customers. Insurance firms are 
also becoming more wary about insuring irresponsible corporations against 
environmental liability. Therefore it is importantthat the company considers all 
these people throughout the presentation of its performance.
456
3.0 Responses to those Pressures:
3.1 Environment Management System:
The aim of an Environment Management System (EMS) is to ensure that an 
organisation functions according to its environmental policy arid environmental 
laws and regulations, encompassing all of an organisation’s activities. On their 
own, environmental reviews and audits cannot assure an organisation that its 
performance will continue to meet legal and policy requirements. An EMS 
integrated into overall management activity facilitates the setting of policy and 
objectives, develops a strategy to implement that policy and objectives, monitoring 
and reporting on the company’s progress. The advantages of such a system are 
widely discussed, but for Rank Xerox, an EMS allows the documentation of the 
effects of our products, processes and operations from an environmental point of 
view, and through that documentation the company then has control and can set 
objectives which aim to continually improve environmental performance in a formal 
and measurable manner.
There are currently three main EMSs being offered: BS 7750 - a British Standard, 
EMAS - the European Eco-Management and Audit Scheme and ISO 14000 - this 
is a family of environment management standards currently being developed by 
the International Standards Organisation. As the time for publication or indeed 
accreditation to these schemes is constantly being changed, through the work that 
I have been part of since September, Rank Xerox has decided to generate its own 
EMS which will be applicable to whichever country in the world in which a Rank 
Xerox site wishes to register for an EMS. The Rank Xerox EMS will ensure the 
site, whether it be a manufacturing plant or an office, understands the 
environmental implications of its operations etc., controls them and can set targets 
for continual improvement. Although this appears to simply add a lot of paperwork 
to the company’s everyday operations, an EMS will allow a company already 
familiar with such quality processes to recognise and minimise its impacts on the 
environment. It acts as a means of formalising and enforcing the 3Rs (reduce, 
reuse and recycle) throughout the corporation and is a natural progression from 
TQM (Total Quality Management). However, it should be remembered that 
accreditation to whichever EMS is a consequence, not an objective of 
environmental management.
3.2 Environmental Report:
The decision to produce an environmental report within Rank Xerox is not a recent 
one, in fact it was mentioned as being a major part of my project last July, however 
it is only now that we have the capability to produce such a report. Environmental 
reporting is another response to the external pressures being placed on the 
company and is a critical issue in the communication of our environmental 
achievements both internally and externally. Through a process of review and 
discussion we have created a formula for our report which will satisfy our target 
audiences and comply with current internal and external requirements. The best 
environmental reports from large organisations have been used to identify those
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features which are essential and useful in an environmental report, industry work 
group guidelines have been studied and noted, articles in the environmental press 
have been reviewed in order to ascertain what the current opinions are of reporting 
environmental progress. Whilst not being among the first to produce an 
environmental report, it is hoped that the Rank Xerox report will conform to the 
highest industry standards because of the learning and reviewing process that we 
have gone through.
It is important to strike the right tone when constructing and writing an 
environmental report. A ‘green’ glossy PR exercise may satisfy some 
stakeholders, but it will not gain the company much credence with those who are 
familiar with reporting procedures. Therefore pretty pictures of animals and natural 
landscapes are merely a distraction from what Rank Xerox is actually doing about 
reducing its negative environmental impacts, and will be recognised as such. 
However a well-written report with meaningful graphics and data, realistic targets 
and objectives and above all honesty about its impacts will provide the company 
with increased business benefit, improved performance and an enhanced 
reputation.
In order to facilitate the production of such a report, I have become the project 
manager for the Rank Xerox Environmental Status Report. This has included the 
planning and construction of Gantt charts and PERT diagrams to allow everyone 
involved to understand where their input to the report fits in and what deadlines 
they have. I am also managing those deadlines and encouraging others to meet 
them. Although optimistic about our finish date (20 April 1995), we will produce a 
useful report within the second quarter of 1995. Reporting is also an essential part 
of an EMS as discussed above. The Status Report will provide a base audit 
through which improvement opportunities can be identified and developments 
disclosed.
3.3 Waste Free Office:
As previously mentioned, employees are becoming increasingly concerned what 
happens around them in their workplace. In recognition of this Rank Xerox has 
begun a pilot programme called ‘Waste Free Office’ (developed from the Waste Free 
Factory initiative in manufacturing) which I am helping to launch in the operating 
company for the UK and headquarters at Marlow. At the moment the scheme is 
concentrating on the reduction of solid waste from the office facilities around the UK, 
mainly paper waste. From research into the area of paper recycling, we have found 
that revenue can be created from our waste paper, whereas at the moment we are 
being charged by the waste contractor to take the paper away. Paper prices have 
recently risen quite dramatically and so it is quite important to try to reduce the 
amount of paper consumption too. In order to maximise those profits to be made 
the paper has to be separated into two streams: Grade A or white paper and grade 
B or coloured paper. The most cost-effective way for this separation to occur is for 
people to do it themselves at their desks. It has taken much work from the 
Environmental Affairs group (of which I am part) to find a way which will encourage
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people to do their own paper sorting, but via a system of desktop boxes, we think 
that we have found that way. The boxes will be launched in headquarters on ‘Earth 
Day’, an annual day which celebrates the environment throughout the Xerox 
organisation and is used to introduce new initiatives such as these. Waste free 
office will then continue to grow, encompassing energy reduction and other solid 
waste recycling schemes and will be rolled out to other Rank Xerox facilities in other 
countries. Initiatives such as these require buy-in from management, physical 
resources and education to teach people how to use them. It is this mix of elements 
that most environmental initiatives seem to require to be successful by changing the 
way that staff think. This point will continue to be an integral part of my work at Rank 
Xerox.
4.0 Initial Findings:
The last six months at Rank Xerox have basically been an exercise in orientation in 
a large multi-national company. I have learnt about how a large organisation does 
business and I have learnt about the main drivers for business - profit motive and 
customer satisfaction. Familiarisation with the organisation culture is essential to 
achieve the required results, whether that be seeking information from someone or 
booking a room for a meeting. It is also important, that when one comes in as a 
specialist in a new area to the company, even though the subject matter may be 
familiar (i.e. the environment) that the language of the organisation is used - in other 
words couching the specialism in terms that people will understand in a business 
sense. I have realised the necessity of identifying the target audience for your work, 
whether it be aimed at a small informal group or a large section of the workforce, 
otherwise your message is not tailored to that group’s understanding and will not 
achieve the desired results.
From the last six months, I believe that I can now put forward a hypothesis which will 
enable the Rank Xerox Environmental Leadership Programme to develop further. In 
order for this to happen there needs to be a clear understanding of the impetus for 
environmental developments that currently affect the company and the probable, 
sources of those developments in the short and long term. This understanding will 
enable the company to stay ahead of these developments and become pro-active in 
its dealings with the environment rather than re-active. As there are so many 
environmental developments happening all the time, a rating system would be 
required to rank them on a scale of significance in order to ascertain what is 
important to the company and its stakeholders to achieve. Therefore we have to 
understand and be able to track the sources of environmental developments and 
gauge their likely impact on the business. Basically this will comprise a formalisation 
of the process of environmental information gathering: where the information comes 
from, how it gets filtered and what is done with it. This can be done on any scale 
(global or local), both internal and external to the company and reflects work 
currently being carried out with the Register of Environmental Effects - an important 
section in the process of accreditation to BS 7750.
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5.0 Future Developments:
The responses discussed above are short term answers to immediate pressures and 
do not necessarily offer long term solutions. Long term pressures encompass such 
developments as technological change, societal attitude change, product 
development and stakeholder expectations. Some of the responses to these 
pressures include Design For Environment (DFE), supplier relations, logistics, 
benchmarking/best practice and green accounting. I believe in the future that we will 
all see companies internalising their externalities, that is, incorporating the 
environmental cost into their products and operations. What is more, customers will 
expect it and may even be willing to pay for it (?). Legislation will direct businesses 
in this direction if the market doesn’t lead it. '
The initial findings lead into what will happen in the immediate future with my project. 
As mentioned, I feel that the last six months have been an invaluable orientation 
exercise, but I now need to formalise my research methodologies. The work I have 
done so far has familiarised me with company standards, expectations, processes 
and operations. Now I need .to base all future work on soundly researched ideas 
and methods in order to push the Rank Xerox Environmental Leadership 
Programme onto new ground. I feel that I should be initialising and developing ideas 
that may not ordinarily have occurred to Rank Xerox, and that then is their 
advantage in sponsoring an EngD student in this way. By doing this, I shall be 
making a contribution, not only to the company but also to the knowledge base 
surrounding the field of Environmental Technology.
At present, the work I have carried out has been of a predominantly communicative 
nature. Whilst invaluable to the company and to me as an orientation exercise, this 
type of work will not satisfy the objectives of the EngD programme. However, I feel 
that it will be difficult to show a contribution to environmental technology in the first 
twelve months as the first year will act as a platform from which to proceed in the 
future. Problems have to be identified and solutions generated and evaluated 
before action can be taken.
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Section 4 -  other supporting evidence
PROFESSIONAL DEVELOPMENT COURSES TAKEN
(with grades)
Leadership 1 (7)
Clean Technology and Sustainability (6) 
Life Cycle Analysis (5)
Project Management (10)
Business Strategy and the Environment (7) 
Risk Perception (7)
Sociology of the Environment 1 (6) 
Hands-on Audit and Legislation (5) 
Environmental Measurement (4)
Risk Communication (6)
Environmental Law (6)
Financial Management and Marketing (6) 
Sociology of the Environment 2 (6)
Risk Management (7)
Environmental Economics (5)
Advanced Leadership (5)
Talking to the Media (8)
Overall score: 8
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WORK DIARY 1998-1994
Nov 1998
Nov 1998
Oct 1998 
Sept 1998
July 1998
May 1998
April 1998
March 1998
Jan 1998
Oct 1997
Sept 1997 
April 1997 
March 1997
Jan 1997
Jan 1997
Participated in the Sustainable Business Workshop, hosted by 
Xerox including academic representatives from Europe 
Presented ‘Environmental Performance Indicators’ to industry group 
at Oxford University 
Gained HGV (C class) licence
Completed paper for publication with Graham Earl on stakeholder 
analysis project
Presented ‘Measuring Environmental Performance’ to Wycombe 
District Council Green Club
Presented ‘Environment and the Supply Chain’ to Swindon 
Chamber of Commerce
Accepted job as Strategy Development Manager with Xerox 
Manufacturing and Supply Chain
Presented at Institute of Logistics conference in Birmingham (200 
delegates)
Member of certified Environmental Affairs ‘X-team’ -  an internal 
quality assessment. Demonstration of a highly motivated, high 
achieving team which values personal growth and is clearly aligned 
with core business processes and results.
Presentation as part of Mitcheldean Supplier Day on environmental 
issues
Interview for national BBC radio on packaging legislation. 
Submission of Xerox UK Ltd packaging data to Environment Agency 
Presentation on Packaging legislation to Institute of Logistics 
Central region group
Production of Environment Book 1997 -  support for whole book and 
provision of data for my projects
Tender review panel member for appointment of Xerox UK national 
waste management contractor -  providing specialist environmental
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advice.
Dec 1996 
Sept 1996 
July 1996 
June 1996 
June 1996 
May 1996 
March 1996 
Jan 1996
1996-1998
1996-1998
1996-1998
1995-1998
Lecture to MSc course at Cranfield Univ. on Design For 
Environment
Environmental presentation at Communications Cascade (70 
people)
Life Cycle Assessment Forum -  participation and presentation of 
ideas
Energy efficiency review for major office sites, report and action 
planning involvement
Paper and the environment -  paper supplier assessment brochure -  
support and coaching to Paper and Media Supplies group, Xerox 
Wycombe District Council Environmental Award -  wrote entry and 
collected prize on behalf of company.
Women in Science and Engineering -  training and visit to Burnham 
Grammar School
Xerox representative at ICI pic meeting . Invited as an opinion 
former in industrial approaches to environmental issues, product 
stewardship etc.
Packaging legislation -  centre of competence, counsel and coach to 
other parts of the company (Europe-wide)
Stakeholder perception project (see paper in section 2, volume 2) -  
testing whether the work produced by Environmental Affairs was 
meeting customer requirements. Management and motivation of 
project, designed questionnaire, identified stakeholders, carried out 
interviews, analysis of results, presentation of conclusions, co­
author of paper.
Xerox representative at University of Bath Centre for Strategic 
Purchasing and Supply research programme: ‘Environmentally 
sound supply chain management’.
Member of Institute of Logistics steering committee for the 
Environmental special interest group for the Institute.
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PRESS CUTTINGS
Terry, M., (1996), ‘Cleaning up the pallet’, Financial Times, Tuesday October 
15 1996.
ENDS Report, (1996), ‘Rank Xerox: Towards waste free products from waste 
free factories’, ENDS Report 261, Ocotber 1996.
Radio interview on Radio 5 Live Environment News, 1.9.97 regarding 
packaging (tape available from K.Mclntyre)
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